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Day One: Describing the Probl em

Davi d, Chief of the Programm ng Branch of the San Francisco
Ofice of the Environmental Protection Agency, opened the
conference. He noted that one of the EPA's main interests in
participating in a conference that dealt with the inpacts of added
transportation capacity was that frequently the regional offices
want to consider the potential growth inducing inpact of proposed
hi ghway projects. Federal and state agencies often di sagree on
whet her or not increased capacity | eads to | ess congestion and | ess
air pollution. This disagreenent, Calkins stated, has been going
on for over 10 years; but there was little in the way of unbi ased,
extensive research to substantiate either claim For this reason
the EPA is interested in pursuing a multi-agency, nulti-year study
that will address this issue.

Cal kins outlined several benefits that should evolve fromthis
di scussion. COverall, developing information that can be used to
i nprove the p g and deci si on-maki ng process in air quality and
transportation projects will reduce conflicts. By being nore
know edgeabl e about the actual effect of added capacity,
transportation and air quality plans can be coordi nated nore
effectively. Mddeling procedures can al so be inproved as nore and
better information on travel behavior is developed. The conference
will assist in developing the state inplenmentation plan contro
strategies of the 1990 Cean Air Act Arendnents (CAAA), as well as
support mneasures of the Internmodal Surface Transportation
Efficiency Act (I STEA). Oher benefits include nore cost-effective
air quality inprovenent strategies and better justifications and
alternatives to the public for transportation control mneasures.
There should al so be a focus on access, not just on nobility and
ease of travel issues. Access issues include providing
transportation facilities for the elderly, the poor, the young, and
t he handi capped.

Cal ki ns stressed the inportance of study design and the need
to include all interested parties at the outset of the study,

i ncluding Metropolitan Planning Organi zations (MPGs), federal
agencies, local air quality agencies, environmental groups, and

| and use pl anners and devel opers. A |long-term funding conm t nment
fromall of these organizations will be necessary for a successfu
st udy.

In conclusion, Calkins stated that the conference was an
opportunity to inprove the quality of life, as health is the basis
for the CAAA and air quality regulations. By |earning about how
travel growth patterns interact with existing infrastructure and
other factors, transportation and | and use systens can be desi gned
that are efficient, clean, and provide good access to services,
jobs, and recreation.

Kevi n Heanue, Director, Ofice of Planning of the Federa
H ghway Administration, felt that the conference was a step in
seeking a broader audience in laying out a research agenda on the
i ssue of the inpacts of added transportation capacity. By
i dentifying major and mnor topics to address, better guidance can
be provided to those MPGs that are involved in air quality analysis
and state inplenmentation plan updates.

Heanue stressed the inportance of elimnating the use of
envi ronmental specialists only at a project's end. By bringing
envi ronnmental resources into the project at the outset and
integrating those efforts with the planning efforts, the
rel ati onshi ps between air quality, travel, and devel opnent will be
better understood. As an exanple of an effort to pronote this



i ntegration, Heanue said, the FHWA nerged the offices of
Envi ronment and Planning in to one unit several years ago. The
FHWA al so has a policy to foster strong |inkages with the
envi ronmental comunity. This is reinforced in the CAAA and | STEA
| egi sl ation.

The responsibilities of the are changi ng, Heanue said. There
is a broader analytical framework within which there are nore
choi ces than the traditional highway option; there are

hi ghway transit options, for exanple. The MPGCs are in a position
to make the initial recomendati on whether transportation
i nvestments are highway or transit.

Heanue said that a need exists for increased environnental
research and nore accuracy and sensitivity in the present nodels.
By asking the questions of whether or not |atent demand or induced
traffic is a valid concept, and how new capacity affects new trave
behavi or, there will be new feedback for the nodeling process. He
then stated the need for sinpler nodeling nmechani sns, as opposed to
the nodeling processes of the early 1960's. What is needed are
| ogi cal and practical nodels that recogni ze the accuracy of the
base data and target objective. Heanue then concluded his remarks
by suggesting that there were two agendas to approach at the
conference. One was the research agenda, where to invest the
research noney for the best results, and the other was the
practice. What can be |learned fromthe study that would benefit
the 280 MPO transportation planners who would be faced with the
i npl enentation and technical responsibilities of the CAAA and | STEA?

Edward Wi ner, Senior Policy Analyst with the Ofice of the
Secretary of Transportation, served as nmoderator for the first
session and offered a conclusion to the introductory remarks. He
noted that it was encouraging to see the cooperation between the
EPA and the Transportation Departnent in the effort to inplenent
the various provisions of the CAAA. He also reiterated the genera
guestions that the conference would be trying to address. First,
what is known about the relationship between the various phenonena
i nvol ved and the effect of added capacity and induced travel ?
Second, what are the key variables involved? And, third, can a good
under st andi ng of how to neasure the process be gained in order to
desi gn i npact or neasurement studies that will successfully measure
t hi s phenonena?
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Transportation I nvestnment and Metropolitan Econom ¢ Devel opnent:
A Reconnai ssance of Research Availability and Requirenents

Al an E. Pisarsk

This presentation outlined avail able research and literature
for a research effort on | and use inpacts of major rail and rel ated
i nvestments. The presentation consisted of three main topics: a
review of the findings of a research and literature review, a
di scussi on of ways to expand on the review, and questions that wll
be beneficial to the intent of the conference

One of the major findings of the literature reviewis that the
subject of land use inpacts is debatable, as there is no common
term nol ogy throughout the literature. Material is available in
all aspects of transportation research including |and use



devel opnent, econom c devel opnent, inpact analysis, and efficiency
studies. The material also extends into other disciplines such as
econom cs, geography, and sociol ogy. Several consistent elenments
are evident, in spite of the disparity of sources. There is a
tendency to focus on the economc effects of investnent, nost

noti ceably the enploynent and construction effects. The economc
effects are further divided into direct, indirect, primry, and
secondary influences. The older literature focuses nore on the
traditional |ogistical nodels of the coal or steel industries and
their relation to transportation, while the newer materials | ooks
at the new economc effects of the service industry. The ability
to include the transportation elenment in the new service-oriented
econony is not well developed. Finally, for the nost part, the
l[iterature centers around maj or transportation projects, such as
San Francisco's Bay Area Rapid Transit (BART) project The enphasis
and anal ysis on these | arge undertaki ngs has been on generationa

ef fects, demand changes, and | and use effects. Several problens
are evident with the before-and-after inpact studies generated from
the large projects. Oten, these studies were under-funded and never
conpl eted; or after long periods of tine, the findings are irrel evant,
gi ven the changes that occurred.

Over the years, highway analysis shifted fromattenpts to
justify the facility in ternms of its devel opnent effects to a nore
conciliatory tone of how to sol ve devel opnent - generated probl ens,
such as congestion and environnmental inpacts. There currently is a
shift back to the econom c devel opnent argunent as nore projects
such as toll roads are being considered by private devel opers or
public/private cooperatives.

The avi ation sector can be studied as an exanpl e of economic
devel opnent. The aviation industry, airports, and air trave
capability are a consi derabl e econom c engine in any region. Few
of the studies reviewed for the presentation focus on the changes
in the total econom c capability and conparative advantage of a
region as a result of changes in local transportation. Aviation
can be one of the dramatic economic drivers in a community. This
is an area in which to study changes in investnments and services
and the inpacts they have on regi onal economc clinmtes and
devel oprent s.

One question that arises fromthe available research is, is it
possible to get beyond a basic assunption that transportation is a
necessary, but inconsistent, condition of growth? Additiona
guestions generate fromthis; for
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exanple, why is there growh adjacent to sonme transit stations, but
not others? Wat are the positive and negative effects of density?
Wy are some areas revived by transit devel opnent and ot hers are
not ?

The question of |atent demand for |ocal travel is an inportant
el ement of added capacity inpact studies and should be the center-
pi ece of new research topics. How much of travel demand is |atent?
How do various groups mani fest this demand? The tourismindustry
assunes that there is an enornous quantity of |atent demand, and
they provide the means and opportunity for demand sati sfaction
There is little research available on [ atent denmand; however, the
Nat i onal Personal Transportation Study (NPTS) data bei ng exam ned
for the Federal H ghway Adm nistration are a possible source for
further study materi al

There has been an 18 percent increase in passenger mles
travel ed from 1983 to 1990. The increase is equally divided
bet ween i ncreases in popul ati on, average trip |length, and per
capita trip increases. 1Is the increase in trip rates and the



increase in trips per capita a manifestation of |atent demand? If
the average trip length increased from8 to 9 nmles, are people
better or worse off; and what is gained by the extra mle, greater
choi ce, greater opportunity, |ower housing costs, better jobs, or
wasted effort? Al nost every urban trip culmnated in an econom c
transacti on or something of social value, and the shift froml atent
to actual travel denmand shoul d be suppressed.

The increase in travel demand is partially the result of
soci al changes. Also, uses of alternatives to the single occupant
aut onobi | e has declined, autonobile occupanci es were down and
transit use, walk to work, and tel ecommuting have all declined.
Average travel times have al so decreased. The social changes that
have had an inpact on travel demand are an increase in the vehicle
mles travel ed by femal es which has risen 50 percent since 1983 and
an increase in single occupancy vehicle use for trips to work by
t he poor, as exam ned by the American Housing Survey. All of these
changes are part of the denocratization of travel which is being
encouraged by the | ow cost of transportation in America.

In conclusion, M. Pisarski comented on the feasibility of
travel pricing. There is concern that there will be adverse
effects on | ower income populations if pricing nechanisns are
initiated. 1t will be critical to consider who will be priced out
of the transportati on system by such neasures and the effect this
wi Il have on people's lives. These considerations should becone a
serious part of the research evolving fromthe conference.

Open Di scussi on

The di scussion opened with a request for M. Pisarski to
conment on the decrease, rather increase, of average trip length
that was occurring in several parts of the country. This decrease
is the result of many jobs shifting to the suburbs in contrast to a
popul ation shift to the suburbs in search of |ower housing costs.
In some communities, these two shifts have bal anced out the average
trip length. One interesting aspect of the NPTS data was that
trips of over 30 mles to work have doubl ed as a percentage of all
trips.

The question was asked if work at honme, or tel ecormuting, had
declined. Wrk at home statistics included both nmetropolitan
(professional enploynent) activities as well as traditional (rura
and agricultural) activities. The decline in farmng and rural
activities accounted for this overall decline.

One participant noted that there were two possible research
objectives arising fromthe presentation: the social objective with
transportati on demand el enents and the econonmic focus at the state
and federal level. The question of how to bring both objectives
toget her was posed. The response was that while it was difficult
to coordinate both, it was inportant to realize how the economc
devel opnent issues mani fest thenselves in society. Both economc
and soci al issues can be addressed, for exanple, in a discussion of
possible solutions to the air
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pol lution problemto get a better sense of the tradeoffs invol ved.
The suppression of travel demand was all too often considered to be
a positive action, regardl ess of the social or econom c inpact

i nvol ved. Increased awareness of the social and econom c val ues
that are placed on travel by people is necessary.



Effects of Added Transportati on Capacity on System Perfornnance
Richard H Pratt

This presentati on was an overvi ew of the effects of added
transportation capacity on system performance. These effects are
based on several assunptions. First, the added capacity in
gquestion is viable if there is sufficient demand for the added
facility or service, if the facility or service is sufficiently
attractive, and if the facility or service will be used. Second
t he added capacity is assumed to be definitely significant such as
a new arterial, freeway | ane, high occupancy vehicle (HOV) |ane
addition, or heavy rail transit project.

Ei ght different ways in which capacity can be achi eved are
i dentified:

(1) Strategic highway infrastructure (toll free, mxed traffic)

(2) GCeneral mxed traffic highway capacity (toll free)

(3) Ranmp netering, other TSM |VHS

(4) Toll facility capacity

(5) HOV capacity

(6) Transit capacity (on separate ways)

(7) Transit capacity (in mxed traffic)

(8) Miltinodal / manageabl e transportation infrastructure

(1) Strategic highway infrastructure devel opnent coul d be

differentiated fromgeneralized hi ghway expansion in that it
attenpts to provide a missing link in an existing system and,
t hereby, creates good capacity. By filling in mssing |inks and by
renovi ng bottl eneck capacity restraints, better systemuse can
occur. Transit operations would al so i nprove because the network
on which it operates would be nmore conpl ete.

(2) The exanples given for the generalized addition of m xed
traffic capacity included a new highway that parallels an existing
hi ghway, a conventional freeway w dening project, arterial to
freeway conversions, and freeway interchange inprovenents. Traffic
diverted to a new facility inproves traffic flow until the system
i s agai n overl oaded. |Inprovenents to conventional facilities
improve, and ultimately, traffic flowis increased. Parallel
facilities can provide traffic relief until they, too, becone
congested. Traffic flowon facilities that provide access to
i nproved major facilities may al so i ncrease and beconme congested as
drivers choose to use the major facilities. An HOV | ane that
exists on a facility where mxed traffic capability is added m ght
experience reduced use because the inproved mxed traffic fl ow
reduces the incentive to use the HOV lane. Transit operations on
the new facility, however, would be inproved, provided these
operati ons were expressed options. Roadway inprovenents that
effect increased traffic by single occupant vehicles have
detrinmental effects on transit use. Those reductions initiate a
downward spiral as transit service is reduced to maintain
accept abl e operating rati os.

(3) Capacity that is added by actions such as ranmp netering
or Intelligent Vehicle H ghway Systens (IVHS) will also have
significant inpacts. Ranp netering results in the same effects as
general i zed hi ghway capacity additions; although it could be
managed, for exanple, by allow ng HOV vehicles to bypass the
congestion. By backing up traffic, ranp netering often increases
the amount of traffic on intersecting streets and nei ghbor hoods and
is also problematic at interchanges. |In regard to the potential of
IVHS, there is concern that if a systemwere inplenmented that could



carry three tines the present capacity of the conventional highway,
what effect would this increase have on the end points of the
systen®? This should be explored further in the IVHS program

(4) There are several general highway

capacity additions that have toll capabilities. A new toll highway
paral |l eling an existing highway, toll road w dening, toll bridges
or tunnels, and new toll interchanges are exanples. There are
several effects to consider as a result of these potential

addi tions, assuming that there is no |longer a financial burden and
bond hol ders. Hi ghway traffic flowon the toll facility win be

i nproved and controlled with the toll nmechanism and flow on
connecting and intersecting facilities mght also be inproved.

H ghway traffic flow on parallel facilities will also inprove
Depending on the toll, the opportunity will arise to enhance the
HOV facilities, perhaps, by providing free HO/ access. The tol
road can al so potentially becone an HOV facility, by letting the
HOV riders share in the cost. Free HOV access will also enhance
any connecting facilities. Transit operations, too, can be
enhanced by toll usage, much |like freeways. Transit use at
parallel and intersecting facilities will be inpacted dependi ng on
the toll anobunt and system design

(5) Possible exanpl es of added HOV capacity include new HOV
facilities, added HOV | anes, HOV contrafl ow | anes where traffic is
i mbal anced enough to truly add capacity, and HOV ranps and
i nterchanges. Traffic flowis presuned to inprove on the facility,
except in cases of friction between HOV and | ow occupancy vehicl es
(LOV) on dianond | ane situations with crossing traffic flows. The
opportunity exists in this situation to manage the traffic fl ow
wi th changes in HOV occupancy requirenents, however. H ghway
traffic flow on connecting or intersecting facilities will either
i ncrease or be mtigated. The opportunity also exists to manage
access volune wi th HOV ranps and i nterchanges, including m xed
traffic access at one |ocation and HOV-only access at anot her
Traffic flow on parallel facilities will be enhanced by additiona
HOV capacity, and HOV operation will be enhanced and made nore
manageabl e. HOV operations on connecting facilities will also be
enhanced. Express transit service will be enhanced, although the
i npact on service often depends on facility design el enents. HOV
facility design can have an i npact on system performance. One HOV
facility in Los Angeles allows the bus to pull directly into the
station, then exit with ease, whereas a facility in Houston is
desi gned where the bus has to conpletely exit the HOV facility,
spend approximately five mnutes at the station, then reenter the
HOV facility. Simlarly, a situation exists on interstate 394, in
M nneapol i s, where the buses, when utilizing the dianond | anes,
have to weave across traffic for the station exit with the rest of
the traffic, then repeat the conpetitive process to reenter the
facility.

(6) Exanples of added transit capacity on separate guide ways
include newrail rapid transit and new bus rapid transit, either on
busways or on HOV lanes and facilities. H ghway traffic flow on
parallel facilities has been inproved near central business
districts (CBDs) and where surface transit vol unes are |arge.
Traffic flowis also increased around and approachi ng transit
stations and termnals. An HOV operation parallel to a separate
transit way facility often induces a m nor reduction in usage.
Transit service and capacity is enhanced, unless there are parallel
transit operations available. |If transit operations intersect,



usage will be enhanced and a maj or opportunity exists for
restructuring to inprove circunferential and |ocal service.

(7) Mbility is a key elenent, as the previous capacity
categories and inpacts were oriented to those with access to an
autonobile. By providing transit capacity, nobility is enhanced
for that segnment of the popul ation w thout autonobile access.

(8) Miltinodal transportation infrastructure calls for the
provision of multiple nodal options and the full integration of
those options. Manageable infrastructure will go beyond strategic
infrastructure in that it will be designed for maxi num efficiency
in operation and use through conplinmenting and enhanci ng travel
demand managenent. Exanples of this of capacity include HOV and
transit capacity on separate or concurrent ways wthin
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a corridor and added freeway capacity with HOV and buses. Anot her
exanpl e is added transportation capacity introduced in conjunction
with transportation system nanagenent and travel demand managenent
There are many expectations of nultinodal / manageabl e
transportation capacity. Traffic flowon the facility can be
i nproved and nmanaged as demand increases. There will also be
increased traffic fl ow on connecting or intersecting facilities,
but this could be addressed in the facility design. Traffic relief
will be seen on parallel facilities, and HOV and transit operations
will be inproved as a result of the HOV and transit conmponents of
the nul ti nodal approach. Mobility will be inproved for all sectors.

Open Di scussi on

One participant suggested that the use of toll facilities
inplied an obligation to engage in planning and regul atory
mechani sns in order for the facility to function properly. The
toll mechani smcould be one nethod to control the unused demand and
optimze the facility. The question was rai sed whether public
policy issues were being considered with an increased role for
tolls and other transportation pricing mechanisnms. M. Pratt
replied that while toll facilities can provide advantages, his
intent was to encourage di scussion of tolls and their nanipul ation
as an el ement of transportati on nanagenent objectives.

There was a brief discussion on what was descri bed as the
pol y- nucl eati on of American netropolitan areas. Hi storically, |long
di stance trips have increased as a result of urban expansion, while
the opportunities for short distance trips has decreased. The |ack
of choice for people to conduct short distance trips by wal king or
cycling or by making a short bus trip, and a subsequent | oss of
econom ¢ opportunities available to people to neet daily needs
t hrough shorter trips, leads to increased autonobile dependency.
The conplexity of the transportati on systemand the | ack of npda
diversity |l eaves people with no freedomto choose how to travel
However, considering the poly-nucleation of cities, a phenonena
bei ng experienced in Europe and Japan, as well in the United
States, a large city will be conprised of a constellation of snal
cities. Wthin this framework the bal ance can be shifted back to
shorter trips within multiple centers, rather than |longer trip
| engt hs focusing on a nono-center. The question was asked how t he
pol ynucl eati on concept would nmesh with nultinodal / manageabl e
transportation capacity in regards to different travel nodes
accomodating different travel lengths. M. Pratt replied by
describing a nodel of a modem multinodal activity center which
i ncor porates HOV system connections and | and use designs for
pedestrian and bicycle access. This nodel is very idealized and



l[ittle has been done to actually inplenment the concepts; and it was
suggested that it be considered as another area for research

The next question posed was how to determ ne the extent of the
effects of added capacity. Should the extent be measured
geographically for an entire urban area or be limted, for exanple,
to a 5-mle corridor; and should the effect be neasured over tine,
as well? One suggestion was nmade that if added capacity were
provided in smaller increments rather in large projects, some of
the negative effects could be alleviated. The conment was nade
that one issue that had never been resol ved was whether all vehicle
mles traveled (VMI) were equal or whether all personal mles
travel ed (PMI) were equal, regardless of trip length. As an
exanpl e, one participant asked if a 30-mle trip, in terns of its
demands on public investment, was nore potent a 1-mle trip. It
was al so suggested that frequently the geographical extent to which
transportation effects were studi ed needed to be increased. A sup-
porting exanple was offered of an alternative penetrator hi ghway
proposal in the Washington, D.C., area. The forecast was to build
t he hi ghway only far enough into the D.C. area to serve sone of the
suburban areas but not all the

way into the area. By extending the affected area anal ysis,
however, it was shown that the facility would be attractive for
peopl e who, in fact, did want to drive all the way in, adversely

ef fecting nei ghborhoods and arterials. The discussion dosed with a
suggestion that the spatial question in determning the affected
area to analyze, as well as the element involved in the effects of
added transportation capacity, would be ideal research topics.
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The Effects of Added Transportation Capacity on Trave
Ryui chi Kitanura

This presentation attenpts to address the question of induced
travel and other effects of added transportation capacity. It
consi ders theoretical approaches as well as enpirical evidence.
The presentation is divided into three parts starting with a brief
description of the economc definition of travel supply and denand,
foll owed by a discussion of the paradigmof constant trave
budgets, and concluding with the problemof multiple linearity re-
gressi on.

According to econom sts, travel demand relates to trave
costs. For example, if the cost of tine spent traveling to a
desired location is too great, fewer people will travel. As trave
costs decline, nmore people will be on the road. On the supply
side, travel costs will rise as nore people use a facility. Added
capacity will result in nore use and rising travel costs.

Travel behavi or can be considered as resource allocation
behavior. Travelers allocate a certain amount of tinme for travel
and an assunption can be made that when the travel tine doubles,
for exanple, the nunber of trips also doubles. Wen the cost of
travel is reduced by added capacity, nore people make nore trips.
This is the message fromthe theoretical and econom c anal ysis of



added capacity, although it has never been verified.

A theoretical approach to travel demand research presents the
concept of the constant travel time budget. A fixed amount of tine
exists that travelers would like to spend traveling. One counter-
argunent states that when capacity is inproved and when trave
costs decline, people will use the tinme saved to nmake even nore
trips. This paradigmgenerates counter-intuitive results, however.
For exanple, reducing transit fare creates nore autonobile travel,
because the noney saved on transit tickets is used for additiona
autonobile travel. This is one of the paradoxes that is derived
fromthe constant travel budget paradigm and it is one of the
i ssues that should be researched. The constant travel budget,
however, is one of the few behavioral paradigns to be devel oped
into an operational nodel system

One of the problens with studying the effects of added
capacity is the ecol ogical correlation. In the environnment in
whi ch transportation planners work, everything is correlated with
everything else. Wthin the urban structure there is an activity
center or centers; and popul ation densities and |and prices tend to
decline further away fromthe center. Houses nmay be | arger and
transit service may start to decline at sonme point away fromthis
center. Al these variables are related (incone is related to
residential choices, and urban density is related to car ownership
and househol d size) and create a highly conpl ex environnment in
which to plan because all the variables in the systemare highly
mul ti-collinear

It is possible to initiate the nodeling process with only one
or two variables, but by adding variables so that the nmodel will be
nore useful and policy sensitive, it may start to fall apart. It
can be argued, then, that the solution is either to keep the node
sinmple or to renove all the nulti-collinear variables and select a
set of relatively independent variables. Either solution has
problens and is not very well supported, theoretically.

By definition, induced traffic is related to trip generation
diverted traffic is related to network assignment, transferred
traffic is related to node choice, and shifted traffic is related
to trip distribution. Focusing on induced traffic raises severa
guestions. Wiat is the inpact of vehicle mles traveled (VM) on
i n-
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duced traffic? Wiat is the inpact of new or added facilities or
capacity on induced traffic?

Based on data from23 cities there is strong evi dence that
nore facilities contribute to longer trip distance, but there is a
rel ati onship between trip |l ength and popul ation. The average
speed, or network speed, should be lower with nore capacity. There
is, however, a clear indication that as the average speed rises,
trip distances also rise. One problemis that freeway expansion
often takes place in areas of urban expansi on where the popul ation
isincreasing. It is difficult to separate the pure facility
effect fromthe growmh effect.

One previous study of induced travel added accessibility
majors to the trip generation equation, both attracti ons and
productions. The accessibility majors were found to be
significantly in school trip production and school trip attraction
nodel s. This should not be the case because school trips are
simlar to work trips and, therefore, should be insensitive to
accessibility factors. The same accessibility major was used in a
corridor analysis context to establish cause and effect |inkages in



this multi-collinear environnent. The |ink between accessibility
and trip generation had to be renoved, however, in order to devise
a structure where accessibility influences autonobile ownership,
which in turn influences trip generation. The results of these
studi es suggest that there are no |inkages between trip generation
and added capacity and that there is no induced traffic due to the
addi tion of capacity.

VWhat is inportant, however, is the growh devel opnent and
grom h effect that a new facility mght have. There are severa
things to consider and study in this assunption. First, it is
necessary to have a better understanding of trip timng. One
ef fect of congestion on trip g is, for exanple, that neetings are
schedul ed to begin at 10:00 a.m and end before 3-30 p.min order
for participants to avoid peak travel tinmes. For work trips,

peopl e either |eave earlier or stay later. |If nore travel options
were avail able, the response to the work trip would be different.
A better understanding of trip chaining is needed, as well. Trip

timng and trip chaining are closely related; for exanple, a person
m ght choose to run an errand during lunch rather than on the way
hone because of congesti on.

Even considering the difficulties in responding to a multi-
col l'i near environnent, the conplex nodel s now bei ng used can be im
proved. Erroneous estinmates may be produced because the tendency
is to produce attractive nodels with statistics and the right kinds

of signals. In an effort to produce these attractive nodel s,
vari abl es which may be counterproductive in the long run are often
renoved. It may be necessary to consider a nore conpl ex system of

equations in a consistent and statistically desirabl e manner.

A wealth of data is available fromorigin destination studies
conducted in nost nmetropolitan areas. The quality may not be
consistent, but it should be possible to select ten netropolitan
areas of different sizes with good data. By applying resources to
the data sets, cleaning themup, and supplenenting those wth
mssing trip information, for exanple, the data sets should be
conparable to each other in a uniformmanner. This process could
then be expanded to include | and use data and network data. This
woul d be a expensive project, but the results would be a trenendous
informati on source for research. This resource base would nmake it
possible to conpare trip timing in cities of different sizes,
different densities, and different congestion |evels.

There is a limt to the theoretical approaches to studying the
ef fects of added capacity and a | ack of consistent observations to
support any measurenents of the inpacts. One solution, the use of
t he | ongi tudi nal panel, provides information on changes in incomne,
behavi or, and facility use. This approach woul d be a beneficia
supplerment to the traditional four-step nodel which is not based on
change. Conbi ning these two approaches mght offer a better set of
observations to anal yze the effects of added capacity.

12

Open Di scussi on

The first question was in reference to the four-step nmodel and
t he suggestion that inprovenents to it are needed. 1Is the
pl anners' understandi ng of the induced traffic phenonmena and added
capacity sufficient at this time to warrant adjusts to the four-
step nmodel ? Or, are additional neasurenments needed to see if the
four-step nodel is even applicable at this time? Gowh and the
ef fects of devel opnment are the first order effects, not the induced
trip effect; and the four-step process deals only with the induced
effects. To include the additional effects will require a five- or
si x-step nodel system



One partici pant asked how nuch information was avail abl e

regarding off-peak trips. In sone areas the off-peak trave
figures have increased nore than anticipated. One participant
replied that little information is available on these trips. It

was suggested that the increase, in part, may be the result of the
increase in the fermal e | abor force.

The question was then asked if additional variables, froma
behavi oral perspective, should be collected. Exanples would be the
i npact that the fear of crime has on transit ridership or the
ef fects of earthquakes on travel behavior. Also, is experiential
data beneficial in studying the effects of added capacity? Rel ated
to these issues is the tine frane and geographi cal context of the
i npacts of new facilities. Conbined, these elenents create the
dynam c situation that nmay be inpossible to cover in a traditional
| ar ge- scal e survey.

Partici pants di scussed the definition of "induced" and its
various interpretations. One participant comrented that separating
a highway's long-termland use inpacts fromthe short termis
difficult. Another interpretation of induced traffic is that which
i s encouraged by added capacity. |If a new freeway is built and
travel times are inproved, people will travel nore often. The
additional trips are the induced travel

A request was nmade to consider the growh stratification that
a comunity mght experience. Developnent traffic will be
encour aged by | and use changes, but these changes shoul d be
separated into those that will occur regardl ess and changes t hat
are due to the added capacity. Natural growth, it was pointed out,
does not consider changes in | and use.

The di scussion then returned to the applicability of the four-
step nmodel to the issues of added capacity. One participant
suggested that incremental inprovenents to the four-step nodel are
needed in the short-term because it is often suggested that this
nodel is an engineering approach to a social phenonena. Another
participant stated that these incremental inprovenments night be
beneficial in the short term but were they necessary for long-term
consideration? It is inportant, was the reply, that long-term
consi derations not divert attention from short-term necessity.
Long-term nodel i ng obj ectives can be served with advanced conputing
and mat hemati cal capabilities that were unavail abl e before.

Several participants supported this view, and the statement was
made that both short- and | ong-term considerations need to be
addressed by adjusting existing processes and exploring conpletely
new framewor ks for conducting travel demand anal ysis that go beyond
the four-step process. These new franeworks can incorporate el e-
ments of chaos theory and mat hemati cs and observe how | and use,
transportation and travel behavior interact.

It was then suggested that research areas should not be
constrained to data sets collected fromthe narrow Amrerican
transportati on experiences. The dependency of Americans on the
aut onobi | e constrai ns the node choice wi a community. Thus, the
overall transportation experience needs to be considered. Short-
term questions, such as those related to clean air, need to be
addressed; but for |ong-term econom c conpetitiveness issues such
as the dynam cs of the autonobil e-dependent society, the
metropolitan structure, and the evolution of constraints on trave
behavi or all need to be included. Countries with high |evels of
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af fl uence such as Canada, Gernmany, The Netherl ands, and Dennark
need to be exam ned. By extending the data set to incorporate



conmuni ties outside the United States with significantly different
node shares, the inpacts of pedestrian and bicycle nodes and
transit-oriented cluster devel opnments can be better understood. It
was suggested that geographic information systenms (AS) wll
support this kind of research because mcro-scale | and use and
urban formwi Il be easier to incorporate into traditional research
nmet hods.

It was then suggested that there are straight forward ways of
nodeling travel and | and use (e.g., the increnental trave
forecasting procedure for transit alternatives analysis that is
bei ng used in several cities was nentioned). The procedure uses
I ong run demand el asticities based on cross-sectional data. Trave
is divided into three conponents. One is growh in travel due to
t he changes whi ch woul d have happened in the region wthout the
maj or transit or highway inprovenent. The second is the changes in
travel which result from hi ghway i nprovenent and include both | and
use redistributions and changes in travel and travel cost due to
the lowered price of travel. The third is diverted travel, which
is howthe travel on the particular node in question distributes
itself anong the paths in that nmode. |In this instance, induced
travel is really caused by the redistribution of |and uses and al so
by the redistribution in travel as well, including |onger trip
l engths and increased trip rates. This can be reduced and
simplified to be alnost incremental elasticity-based by applying
singl e vari abl es.

One participant responded that it is necessary to separate the
ability to nodel fromthe necessity of gaining a better
under st andi ng of what is going on in society. This effort may be a
| arge, data sensitive effort that will not necessarily be
elucidated in these nbdels. A concern was al so expressed about the
practice of ignoring certain types of data, sinply because the
nmet hods to forecast them are unavail able and, thus, not deened cost
effective. A concerted effort needs to be nade to understand the
current situation and then determine if the nodels are appropriate.
Two el enents need to be distinguished: the societal effects on
travel and the changes being made to the transportati on system
Under st andi ng travel behavior will benefit the conprehension of the
i npacts of both these elements on travel

There are several contextual issues that relate to these types
of questions, one participant stated. there is no clear idea as to
how much can be known in regard to the overall transportation and
urban systens which are so conplex with everyone making trave
deci sions simultaneously. There are interactions which will never
be taken into account, and it may never be known how well the
nodels really represent this conmplexity. No consistent set of
nunbers are available to tell how |l arge the nodel errors are; and,
even if there were, it would be difficult to determne if the
errors were problens in the nodel, the data, or nodelers. Even if
these things were known, it mght not make any difference. There
will always be a need for inprovenent in nodels, yet it is not
cl ear when these shoul d be made or why.

There is no question that nore research needs to be conducted
to inprove the understanding of the issues presented here, one par-
ticipant stated. However, one of the fundanental problens renains
that many nodels currently in use are well behind the typical state
of the practice. This may be due to a conbination of the |ack of
finances, lack of staff resources, or carelessness. It was
suggested that by nmerely bringing what has been | earned into the
exi sting nodel s, great advances woul d be nade.

The rel ati on between work and non-work trip choices and
| ocation was then raised by another participant. |In California,
for exanple, so nuch enphasis is placed on work trips and | ocation
choi ce, that a phenonenon has been ignored, that of people making
| ocation decisions that will force themto be auto-dependent for
all other non-work trips. The work trip can be addressed through
HOV |l anes and transit facilities that provide better service for



these trips. By choosing to live in areas of single-
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fam |y housing and | ow density, an overall travel pattern is
created. Transportation investment decisions make a difference in
these residential |ocation decisions.

A question was then raised regarding politics, travel choices,
and travel behavior. One participant observed, based on
experiences in California, that environmental groups are expressing
concerns about transportation investments that cite devel opnent as
the real issue, not whether a trip is newor redistributed. Trans-
portation plays a role in encouragi ng devel opnent. Focusing
research efforts only on redistributed trips will mss the point if
the real public concern is devel opnental inpacts.

General criticisnms of the current state of travel nodels were
of fered by several participants. One general plan was described
for exanple, that projects three times as much enpl oynent as
housi ng. These figures were generated using arbitrary | and use
i nputs w thout using additional transportation input, thus making
the results neaningless. Many |arge scale nodels are used
incorrectly too, by not feeding congestive travel tinmes into trip
distributions. This may result in simlar VMI nunbers across al
devel oprment alternatives, even no-build scenarios. It was
suggested that the Environmental Protection Agency and the Federa
H ghway Admi nistration set standards for nodeling agencies. These
standards shoul d be di stingui shed between short term and medi um
term by encouraging the MPCs to inplenent |and use nodels and the
| ong-term applications and i nprovenments of the four-step nodel

The question was raised as to how frei ght novenent relates to
the issues being considered. Freight accounts for a |large part of
traffic in metropolitan areas where interstate comerce noves into
and out of ports. The trend toward just-in-time delivery is
i ncreasi ng the amount of product inventory on the highway system
and the anmount of truck deliveries. How do capacity needs for port
access and airport connections relate to work travel ? Environnent al
and econom c questions are relevant to both issues.

Several concluding remarks were nmade, particularly regarding
the non-work trip. One of the reasons that induced travel has not
been neasured is a general failure in understandi ng non-work
travel. Increasing this understanding is a primary concern which
may be addressed by devel opi ng nmethods to neasure it nore
effectively. As non-work travel is measured currently, it accounts
for up to, 50 percent of peak period travel. Restricting research
efforts to the work trip will not be enough when focusing on peak
period congestion. Non-work travel nust be included for
consideration of air quality issues and congesti on when studyi ng
the effects of added transportation capacity.
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Ef fects of Added Transportati on Capacity on Devel opnent

M chael V Dyett



By | ooking back to the transportati on nodeling activities of
the 19, a clear connection can be seen between | and use and
transportation. Planners are now in an age of standards, follow ng
an age of surveys and of nodels. California | aw now specifically
requires planners to ensure that the circulation element is
correlated with the land use elenent. This neans nore fitting two
maps together on the light table: it involves generating nmany
iterations of nodel runs to get the right fit and even then the
i nprovenents nust appear affordable. The trend nowis to use
different levels of service standards for different |and use types,
thus requiring that the circulation elenment fit these varied
st andar ds.

Cities and other pronoters of transportation facilities are in
the | and devel opnent busi ness, although they often do not fully
under stand how transportation capacity affects devel opnent trends.
H ghway and transit projects are not just intended to alleviate
congestion, which may even be inpossible over the long termbut are
i ntended to enabl e urban devel opnent to occur.

Added transportation capacity, both inproving the existing
system and creating new facilities and services, may affect severa
aspects of urban devel opment. The devel opnment | ocation nmay be
af fected by added capacity; the effect could be either a
distributional effect of or a net addition to the region or
corridor. In studies of the Bay Area Rapid Transit (BART) system
the distributional effects are evident, but there was no net gain
internms of the conpetitive advantage of the area. BART affected
t he decisions on where to build, but it did not create markets or
add to the overall housing supply.

The type of devel opnent can al so be affected, particularly
residential versus conmercial and industrial. New hi ghways can
increase the viability of shopping centers and m xed use facilities
as these centers are capable of drawing critical masses of people,
up to 100, 000. Hi ghways can al so expand the conmmute shed and spur
housi ng devel opnent. The BART inpact studies also revealed a
hedgi ng phenonenon. Potential honme buyers sought |ocations that
woul d be served by BART at a later date. In this way, added
transportation capacity was used as a form of insurance for the
long term and devel opers marketed future BART availability as an
amenity. Developnent density and intensity could al so be affected.
As a site becones nore accessible, there is increased pressure for
hi gher density devel opnent. The Galleria area in Houston, Texas,
is an exanpl e of high density devel opnent and transportation
capacity. This m xed use area enconpasses enough | and area to be
ranked as the third | argest downtown in the state. Proposals for
new hi ghway capacity could result in 12 freeway | anes.

Added transportation capacity can al so affect devel opnment
project timng, |ease up, and occupancy. Specul ation often occurs
before transportation projects are approved and under construction;
this expectation can influence devel opnment construction timng or
| easi ng.

Land use effects are traditionally determ ned on the basis of
changes in accessibility, as well as nobility. These changes in
accessibility will affect peak-hour trips. A mssing link in the
ef fect of added capacity has been its inpact on latent trave
demand, primarily related to discretionary, non-work trips. This
| atent demand may i nduce pressure for new devel opment or
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redevel opnent. I n urbanized areas the additional capacity al one
may facilitate or pronote devel opnent, while in new growh areas a



whol e package of facilities, including schools, water, and sewage
and drai nage i nprovenents are needed.

The setting in which added transportation capacity occurs al so
af fects devel opment. Economic growh potential may vary fromre-
gion to region, for exanple, Buffalo conpared to San Di ego. Wen
the economic growth potential of an area is |ow, the growt h-

i ncluding inpacts of a transportation facility are also low When
there is a strong regional market with a high economc growth
potential, the growth inducenents and i npacts are greater through
multiplier effects.

Land use policies such as zoning and grow h managenent
requirements limt the effects of added capacity, but they al so
enabl e | ocal governments to capitalize on the benefits. In
Freenont, California, the goal of the city was to control the type
of devel opnent adjacent to the BART line. A density floor was set,
and the city waited until the market could neet these requirenents
rather proceeding with | ower density devel opnents.

The di mensi ons of new capacity are another inportant el enent
when consi dering inpacts. |Is the added capacity an increnenta
i nprovenent to an existing facility, or is it a new hi ghway
devel opnent ?

Location within a region is an additional dinmension to

consider. |If infrastructure facility packages are in place on the
urban fringe, added transportation capacity can induce fairly high
i mpacts. In an older central business district (CBD), however,

there mght be | ow growth inducing inpacts of added capacity.

There are several strategies for dealing with devel opnent
i npacts. The primary key is effective, |ong-range, conprehensive,
coordinated | and use and transportation planni ng supported by | ocal
political |eaders. Transportation inprovenents and private
devel opnent projects that are consistent within these plans shoul d
not be automatically assumed to induce growth, nor should they be
subject to separate inpact analysis for air quality. Al so, these
pro" should not be subject to mitigation requirenents beyond what
woul d be a fair share contribution to cityw de inprovenents and
specific off-site inprovenents not contenplated by the | ocal
jurisdiction s conprehensive plan.

The deci si on- naki ng process of whether to add transportation
capacity should focus on how to resolve conflicts through multi-
jurisdictional planning. Projects that are consistent with
conprehensi ve pl ans and zoning restrictions should al so be
di sti ngui shed fromthose requiring amendnments or rezoning. The
deci si on maki ng process should include the follow ng four steps:

1. Desi gn equi tabl e proposal s;

2. Facilitate constructive negotiations within the comunity and
bet ween affected jurisdictions;

3. Make deci si ons based on pl ans and packages of i nprovenents,

not individual inprovenent projects that are not consistent

with land use pl ans; and
4. Conpensat e those adversely affected. Two types of questions

can be posed for a research agenda: (1) general issues of
concern regardi ng devel oprment inpacts and (2) nore specific
guestions related to the devel opnent process and the role of
added transportation capacity in devel opment deci sions.

A general consideration includes determ ning what criteria to
use where eval uati ng devel opnent inpacts. Safety, nobility, |and
use conpatibility, and the desire to influence nodal split are all
el ements that could be used. Were there are |level of service
standards correlated with | and use, how should through traffic be
eval uated in judging | ocal conpliance? Under what conditions can
new capacity be added w t hout growt h-inducing effects? Wien will
new capacity contribute to "econom es of agglonmeration” or, in
contrast, foster nore dispersed devel opnent? Does it nmake sense to
di stinguish inprovenents designed to cure existing deficiencies
from i nprovenent s
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oriented towards new devel opnent ?

A nore specific question related to the devel opment process
i ncl udes how to determi ne the devel opers' perceptions of congestion
costs. Do devel opers consi der congestion a cost of doing business
that is unlikely to affect project |ease-up rates? O, is the
potential for future congestion considered in overall project
val ue? What is the duration of the devel opnent effects that is
attributable to added transportation capacity? In relation to
system perfornmance, are these limted in both geographic area and
intinme? Does the perceived inprovenent in nmobility from added
capacity result in a larger commute shed or greater potentia
retail market with a long-termeconom c benefit, or are the results
short termin nature?

M. Dyett concluded his presentation with a discussion of a
recent San Franci sco Bay area nodeling study which dealt with the
effects of the regional transportation plan on | and devel opnent
patterns in 2010. Over this period, the regional transportation
i mprovenent plan would fund approximately $15 billion in hi ghway
capital costs and $10 billion in transit capital costs. The
Associ ation of Bay Area Governnents, by using their nodel and
studies for the Metropolitan Transportati on Comm ssion, found
little difference between the build and no-build scenarios within
existing land use constraints. The Bay area is typified as a
coastal area consisting of highly regulated comunities where the
free market does not function in an unconstrained manner. Wen
| and use constraints were lifted in the nodel, new roads had an
i npact on the distribution of growth. 1In some counties of the
study area, a nore dispersed devel opnent pattern devel oped; while
in others there was a tendency toward i ntense devel opment and
greater accessibility. The study showed that new roadway capacity
could have a greater effect on land use distribution if all Iand
use constraints were renoved, which is unlikely to happen. The
magni tude and the nature of the effect of added capacity was al so
shown to be dependent on where the new roadways were | ocat ed.

Open Di scussi on

The di scussion was initiated by a review of a general plan
assessment conducted for Montgonmery County, Maryland, in 1987. At
that tine it was found that the bal ance between transportation
capacity and zoned | and use capacity was significantly off. This
i mbal ance was the result of the comon practice in the United
States of allowing a lot of latitude on comrercial zoning& in
effect, to give the market the freedomto go where it wanted. The
pl an assessnent determined that the systemcould not function
because of the dramatic inbal ance between the nunber of jobs and
houses that was determ ned by the existing zoning restrictions.
Si nce the assessnent, changes in the zoning structure have
constrai ned the anount of enploynent which can be supported. Addi-
tionally, a conprehensive growh policy study which considered
various scenarios for growth was conducted. This study showed t hat
it would either be possible to (1) support as many as tw ce the
current nunber of jobs and houses or (2) support very little growh
within the master plan transportation infrastructure. Either
scenari o depended on the kinds of pricing policies, pedestrian and
bi cycl e acconmodati ons, and travel demand nanagenent (TDM nmneasures
that were initiated. The way in which the conprehensive |ink
bet ween | and use and transportation planning is inplenmented is
critical to whether or not added transportation capacity induces
gr ow h.



One partici pant commented on the use of nodels and the results
of the BART nodeling reports. Reservations were expressed regard-
ing the conclusions that only slight differences were found between
the build and no-build scenarios. This result was determnm ned by
the property of the nmodels that were used and that they showed
little response to the transportati on system because the nodel s
used for part of the | and use forecasting were nodel s that were
heavily constrained by external inputs. The external inputs, such
as housi ng stock conbi ned
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with the | and use constraints, essentially drove the nodels and
determ ned the output The inplication was that very careful studies
of nodel structure and sensitivity need to be consi dered when
applying themto issues of added transportation capacity.

The question was raised regarding frei ght novenent and
transportation capacity and devel opnent issues. M. Dyett
responded that freight novenent was |inked to industrial de-
vel opnment plans and ports and airports. These transportation
facilities offer an econom ¢ advantage for firns involved in the
nmovenent of goods, whether they |ocate near resources or narkets or
are footloose. |If transportation costs can be mnimzed, an
econom ¢ advant age can be gained; therefore, firnms tend to seek out
and bid up land prices that offer this advantage to the extent that
| ocal and regional plans provide opportunity. For exanple, sone
ports in the San Franci sco Bay area have been successful in
attenpts to spur |and devel opnent, increase goods capacity and
t hr oughput, and attract econoni c devel opnent.

Anot her participant noted that the | evel of service (LQOS)
standard requirenents that had been in place in California for
several years, and have been copied to a certain degree in the
I ntermodal Surface Transportation Efficiency Act (L%A), have
probably had nore negative effects than positive. The LCS
standards have |l ed to down-zoni ng and devel oprment restrictions
because they are not based on economic analysis that determ ne the
best, nost effective transportation service, but are based on a De-
partment of Public Wrks process that utilizes little |and use or
pl anning input. In Montgonmery County, Maryland, an adequate public
facilities ordinance has been in use for years that uses both
areawi de and | ocal area standards for approving new subdivi si ons.
The county permts nore congestion in areas where peopl e have
alternatives to the autonobile. Individual subdivisions are tested
to see if they cause local intersections to fail according to | oca
area standards. Frequently, intersection w denings would be
requi red whi ch degraded the pedestrian environment that the county
was seeking to inprove. In this way policies and LOS standards
often work at cross purposes.

Several questions were posed for general discussion: what
know edge about |and use is needed to nmeasure the inpacts of new
hi ghways? What kind of data needs to be collected, and how are the
measurenments going to be conducted? It was suggested that the pane
di scuss whether or not they were ready to neasure the effect of
added capacity; and, if they felt they were not ready, what was
needed to get ready.

One partici pant suggested that they were ready for
measurenment, although the quality of analysis was not consistent
t hr oughout the country. There is an obligation to neasure the im
pacts as there are capital commtnents being nade with major
environnmental inplications. The conment was made that one probl em
in measuring inpacts is that, first, the affected area or region



needs to be defined and matched with an institution. MGCS, for
exanpl e, do not always enconpass the entire region that will be
af fected by added transportation capacity. This will create
difficulties in data collection and neasurenent.

The issue was raised whether it would be possible to identify
the circunstances under which a project or programwould not be
likely to trigger any sort of devel opment or |ocational effects.
Transportation agencies or air quality agencies can then proceed
with confidence that they will not be subject to litigation based
on unforeseen inmpacts. M. Alan Pisarski replied that others
anal yze transportati on demand. For exanple, a retail chain m ght
anal yze how far away people are to one store and then cal cul ate
where the next store should be located. These sources provide
f eedback that should be consi dered when potential inpacts are
anal yzed.

The di scussion continued with a conparison of the American
Japanese, and European shopping travel tendencies. Anericans, it
is clainmed, travel greater average distances to shop do Europeans
and Japanese. This is a function of the retail structure of the
country,
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and the United States has been putting pressure on the Japanese to
break up the "nom and pop"” retail structure and allow for |arger
regi onal shopping centers. The Japanese will then become nore
dependent on | onger shopping trips and | arger retail aggregations.
The Europeans, too, seemto be noving towards a reliance on hyper-
markets rather a dispersed retail environnent. This creates a
different interaction between freight and passenger systens. The
Eur opean experience is denmonstrating that by conglonerating the
retail activity, the nunber of trucks needed to service the hyper-
markets is reduced; but it also increases the nunber of passenger
trips to retail centers. The policy tradeoff is whether nore
trucks in the city are desirable because of a traditional

di saggregate retail structure, or are nore passenger vehicle trips
desirable to a regi onal shopping center? One partici pant suggested
t hat because of these issues, the traditional transportati on nodels
need to be adapted to represent the nore dynam c system of

i nteractions between transportati on and busi ness.

The United States manufacturing and service industries are
becom ng nore |ike the Japanese with an enphasis on the tinme of
delivery and the predictability of service delivery. This has
different inplications for the industry transportation interaction.
An under st andi ng of the change between the private sector and
public investnment is necessary to design nodels for the future.

The two nmpst inportant transportation elenments to the private
sector are bottlenecks and flexibility.

The question was then asked if tel ecomunications will be
consi dered to be added transportation capacity. M. Pisarsk
replied, yes; the advent of increased tel ecomunications had
i nfluenced the l[ocation of business and how traditional business
depends on transportation, for exanple, with just-in-tinme delivery
systens. One of the problens with tel ecommuting, however, is that
by elimnating the trip to the downtown office, and its avail able
anmenities, the likelihood of additional trips fromhone for errands
i ncreases. One hone-to-work trip downtown is replaced by severa
non-work trips.

Several issues regarding the political and social aspects of
transportation planning and the inpact of added capacity were
di scussed. The difficulty of considering | ocal zoning practices
and changes in transportation nodeling was one problem considering



the economc inefficiency of |ocal governments. Many of the
western states use zoning by initiative, and its inpacts are often
i npossible to predict Mdst nodels, too, are devel oped around the
assunption of single-worker househol ds optimzing their |ocation
with regard to a single work site. Social conditions have changed
consi derably, and the two-worker household is prevalent. It was
noted that housing prices had risen dramatically, too; and people
m ght be choosing their home |location first, then their job

| ocati on.

The question was raised at what |evel, project or areaw de,
shoul d transportation i npact nodels be devel oped. Traditionally
t he areaw de scal e has been used but concern was expressed about
the ability of any nodel to address the small scal e inpacts of
m xed use devel opnent and the inportance of the non-work trip.

The reply was that there was a consi derabl e amount of new
research bei ng done on two-worker househol ds and housing | ocation
choice, but little had been inplemented in practice. The question
of which is chosen first, housing |ocation or enploynent, is also
bei ng studied, as is the inportance of recreational opportunities
and housing | ocation decisions. There have been few attenpts to
link these studies with the transportation nodels, although housing
deci sions could be an inportant part of these nodels. There has
al so been recent work on business | ocation decisions of footloose
industries, the role of tel ecomunications in industrial
speci al i zati on, and the breakup of firms. Concern was expressed
for the inability to define the limts of a study area as well as
the time frame needed for a research program Only by setting
[imts can progress be made in evaluating the inpacts of added
capac-
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ity. One of the problens with limts, it was suggested, was that
nodel ing tends to ook at things that happened five or 10 years
ago. The inpacts of telecommunications are significant

at this point in time;, but they will be even greater 10 years from
now and even with a considerable investnment in research efforts,
the questions will continue to evolve. Rapid changes in housing
and busi ness | ocation decisions, therefore, need to be considered

i n nodel i ng design

The comment was nmade that there was a distinction between
short-termresearch nodifications and the | ong-termresearch
agenda. There can be nodifications made to short-terminpact
studies that will address changi ng technol ogy on a project-by-
project basis. However, for the long-termagenda there is a |ack
of understanding as to the potential inpact of tel econmunications.
There is a dual problem one dealing with the necessity for short-
term nodifications and the other dealing with the long-term
under st andi ng and i ncorporation of rapid changes in the nodels.

It was suggested that for the short term nodeling wll
continue as it is already being done; there is little that can
change the focus. The long-termagenda is the one that the confer-
ence shoul d be concerned with in seeking i nprovenents to nodeling
tool s and understandi ng. There was general agreenent anong par-
ticipants as to the necessity for a long-termfocus on the issue
but al so on encouragi ng the sinultaneous advancenent of the current
state of practice and the inprovenent of the state of the art in
assessing the effects of added transportation capacity.
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QG her Effects: Institutional and Fi nanci al Cont ext
Shel don M Edner

The deci si on- naki ng process inherent in all aspects of
transportation planning (inpact studies, transportati on systens,
travel behavior issues, and | and use planning) falls within the
context of organizations. This is a concept of decision making in
nore than three dinmensions. This nulti-dinmensional characteristic
of deci sion making increases the nunber of variables available for
travel behavi or prediction.

Those who nust neke the decisions or introduce theminto the
transportati on processes are the politicians in the urban areas
around the country. They nust make deci sions regardl ess of the
reliability or accuracy of transportation nodels or know edge of
associ ated i ssues such as business |ocation decisions. These
deci sions are nmade regardl ess of the state of planning or nodeling
practice at any one given point in time. How does the
institutional systemoperate, then, in which these political and
transportati on decisions are made? Inplicit in this discussion, in
terms of the planning paradigm is that regardl ess of how
successful the plan, the integration between transportation, |and
use, and environment is critical. The institutional |egislation of
the Internodal Surface Transportation Efficiency Act of 1991
(I STEA) and Clean Air Act Anmendnments of 1990 (CAAA) has reinforced
this. In that context, it is necessary to consider the current
organi zat i onal deci sion maki ng process.

In nost urban areas the context for making transportation
capacity decisions is not an integrated process. Indeed, nost of
the institutional context is extraordinarily fragnented and, in
many areas, getting worse. Each of the organizations wthin
metropolitan areas has a piece of the pie and feels driven to
inplenent it to their own best interest. San Francisco is one
exanple of this fragnentation. In nonitoring a project for Federa
H ghways, which includes the issue of how the Metropolitan
Transportati on Comm ssion (MIC) is going to react to and carry out
the new responsibilities it will have under |STEA, major problens
have developed. As a result, MIC has been talking to a whol e new
cast of institutional characters beyond those with whomit
traditionally has dealt. Al affected participants will tal k about
how to integrate not only MIC s planning function but al so
operations issues such as |inking together planning and operations
to produce the reduction in air em ssions which is expected of the
transportation side of the equation in nmetropolitan areas.

One of the nost enthusiastic newinstitutions that MICis
talking with is the California H ghway Patrol (CH P). Beconing
i nvol ved in the whol e process of decision naking in the Bay area is
extraordinarily inportant to CHP because it neans they finally are
gi ven an opportunity to have sonme input into the design and
devel opnent of the transportati on system which they nmust control

Urban areas are nore and nore fragmented today than ever
before. The |ast decade has essentially been one in which nore
diversity has emerged in the netropolitan areas with nore
institutional fragnmentation. The experimentation with the private
sector involvenment in joint devel opment and privatization of trans-
portation services has created not only a larger private role but
al so many nore quasi-governmental and governnental agencies. An
exam nation of the U S Census of Governnments shows that the nunber
of governmental units across the country is increasing by
approxi mately 3, 000 units of government every five years. The
primary growt h takes place anmong special districts, the single-



pur pose, uni-di nensi onal gov-
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ernmental entity with its own resource base which has
responsibility, for exanple, for sewers and water, in one
particul ar area. The process of identifying the working relation-
shi ps between these organi zations and what they do is nore
difficult as a result of this fragnmentation.

Transportation, in the context of fragnentation, is a single
activity that nust fit into a nmuch broader set of tradeoffs that
are made by a nunber of organizations working simultaneously
towards their individual ends. They do not all work together
easily. |STEA' s Section 134 MPO requirenments specifies a
coordi nated metropolitan planning effort and does not even suggest
all of the necessary players. Traditional MPGs have been
representati ve of general purpose governments, resulting in the
excl usi on of a nunber of individual agencies who, in one way or
anot her, have been responsible for either devel oping part of a | and
use pl anni ng process or inplenmenting zoning, financing systens, and
ot her aspects of the support systens which make transportation
syst ens oper at e.

The context of transportation is, in this institutional
environment, very fragmented. This fragnmentation has led to the
basi ¢ problens confronting many netropolitan areas and al so has
contributed to the difficulty of defining induced transportation or
additional trips. Because not all organizations share a common
definition of what constitutes a trip or trip purpose, each
organi zation may view an additional trip in a very different way.
As a consequence this inconsistency makes a determ nation of
whet her or not an additional trip is good, bad, or indifferent
Portland, Oregon, for exanple, is zoned for a much hi gher density
than the devel opnent it currently exhibits. Those zoning plans are
already in place and have been for years. Now that the real estate
mar ket is grow ng, devel opers are taking advantage of the potenti al
for higher densities and are denolishing single famly
nei ghbor hoods and buil di ng row houses. Residents in those areas
are concerned because they do not think the change is appropriate,
and they want to maintain the quality of life they have cone to
expect. The City of Portland' s view, however, is to support the
hi gher density zoning opportunities. In addition, other
jurisdictions around the nmetropolitan area have responsibility for
parts of the infrastructure process which are not necessarily
working in concert with the City of Portland. As a consequence,

t he whol e process has beconme conpl ex and peopl e are suing one
another. The transportation systemis becom ng part of that
conpl ex process in ternms of deciding where to build additional
capacity.

In effect, there is a ripple effect out fromsonme of the
i ndi vidualized decisions. A nunber of effects ripple out from
i nproving transportation in a corridor, such as right of way
acquisition in ternms of the inmediate corridor. How far out past
the imredi ate corridor should inpacts be considered? The whol e
corridor preservation component within the current legislation is
going to test that proposition; because when an individual project
is sited, it may be obvious where to buy parcels of land for
specul ative purposes. But preserving the land for environnmenta
reasons may constitute the switch to a new corridor, possibly one
with a fixed guide way inprovenent. Broader anal ysis beyond the
center point of the ultimate right of way m ght be required which
woul d involve a wider range of institutional actors with individua



responsibilities for decision naking in metropolitan areas.

Anot her component of the institutional context of added
transportation capacity involves tying in the operating el enents.
Over the years, operating agenci es have been left out of the
transportation planning picture. In nany cases they are after-the-
fact participants. The Tri-County Metropolitan Transportation D s-
trict of Oregon (Tri-Met) got involved in planning for the Portland
light rail line system because they recognized, in the early
1970's, that they were going to be left to operate whatever system
was devel oped. Tri-Met hired a consultant to nake the case for the
systemthey wanted, in part, because they wanted to participate in
its ultimate operation. Oher organiza-
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tions have not taken that kind of aggressive |eadership; and, when
given the responsibility for system operation, they have not been
prepared. This has created a circunstance where the capacity of
the system has either been degraded, or enhanced, in an unforseen
direction.

Added capacity also raises a question of design standards. If
I and use planning is used to reinforce transportati on systens so
t oo, should design conponents in order to integrate all elements in
one overall package. Again, the institutional context wthin which
that takes place is extraordinarily fragnmented and continues to
remai n that way.

VWhat has devel oped is a nore decentralized decision system
t hat sonehow nust inplenment the concept behind | and use planni ng
and its integration with transport in the environment in a holistic
fashion. The inplicit message is the sort of normative
under pi nni ng of planning that all things should be rational and
integrated. But, in the real world, it is not. The institutiona
deci sion processes are decentralized and fragnmented; and, as a
result the individually pieces do not necessarily fit together

Non- conmruni cati on occurs the nost and a dynami c tension exists
bet ween t he devel opi ng suburban fringe in many nmetropolitan areas
and the traditional core. The exurban fringes outside a
metropolitan jurisdictional boundary will often act independently
of one another with a tendency to create pressures to devel op
transport systenms to serve their perceived | ocational advantage.
Froma political and a broad devel opnent perspective, this fragnen-
tation tends to reinforce the notion of decentralized and
di saggregate devel opnents that is evident around the country. It
al so begins to manifest itself in systemfinancing, whether
transport, housing, or whatever. The result is an incredible
amount of conpetition for the available financing resources within
a given netropolitan area. The di saggregate decision systemis
mrrored in the financing process. GCetting all the players to
agree on what kinds of projects ought to be built in a given
nmetropolitan area and to pool their resources to do so is an
extraordinarily difficult political process. This lack of regiona
cooperation leads to the situation represented in the approxinmately
530 i ndividual projects that are included in the | STEA | egislation
Those projects exist in part because they were not funded locally
and, to circunmvent |ocal roadblocks to financing, were elevated to
the level of national crisis in order to be included in the
| egi sl ation.

VWhat is happening then is a di saggregate systemg to poo
resources in a way that it is not prepared to do. MPGs which have
t he conprehensive oversight for devel oping transportation plans
have not been operating agencies or, in nost cases, funding
agencies. They have been tenporary planni ng organi zati ons whi ch



have had very little institutional context or experience with |ong
termprojects and very little authority. As a result, they are
going to have to devel op additional authority to make se collective
met ropol i tan deci sions which to go into reinforcing the
transportation prograns that need be inplenented over the next few
years.

Anot her dinmension to this disaggregated, fragnented netropolitan
institutional context s an inconsistent tinme horizon. Each of the
organi zati ons operates in its own format and tine horizon, which
are often different than any other participating organization. To
suggest t there is a difference between the transportati on pl anni ng
and air quality planning process, in a technical sense, also
suggests differences in terns of timng. Transportation plans re
built around the |life expectancy of facilities, in some cases,
managenent systens; whereas air quality life expectancies and time
horizons are built around a different kind of context. As a
result, there is an extraordinary difficulty in sinply bringing
together that timng in a way which allows the participating

organi zations to work together. By also integrating the | and use
pl anni ng process, which has an ever |onger horizon in sone
respects, the result is an integrated planning process with entire
frames of reference in contexts that are not necessarily

consi stent.
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Wthin all of this institutional fragnentation is the |oca
politics of a given netropolitan area. Each netropolitan area has
its own uni que way of doing business. In the Portland metropolitan
area the downtown central district was preserved, unlike many ot her
nmetropolitan areas, based on a significant effort which managed to
i nprove the quality of the downtown. This area is show ng signs of
deterioration, however. Conmpetition is beginning to energe from
suburban areas which are saying, "W gave earlier, it is our turn.”
The result is a whole new set of political dynam cs playing out be-
tween coalitions of downtown devel opers who want to reinforce the
i nvestments made 10 or 15 years ago and the devel opers on the
suburban fringe who want to exploit undevel oped areas and profit
fromthose opportunities. Those coalitions are dynam c and are
affected by a broad range of factors including the state of the
econony. Unlike nuch of the country, Portland is a boom ng rea
estate market and, as a consequence, is experiencing a great dea
of devel opnent .

O her intervening issues also interact in any given
nmetropolitan context. Portland has just built a convention center
but does not have a supporting convention center hotel in place.
This devel oprment is tied to its integration with the transit system
and the rail fine, as well as being served by various hi ghway
corridors. Regardless of the broad general issues of concern with
regard to transportation, making that convention center work is a
key conponent of what is going on. It will continue to be a key
conponent, at least for the Gty of Portland, even though there is
a proposal existing in one of the suburban counties for a new
sports arena to serve as a replacenent for the downtown coliseum
Existing big ticket facilities tend to dictate a |arge part of what
goes on in a netropolitan area |largely because the decisions are
made by different partners. A justice center was built in downtown
Portl and using federal highway nmoney because the construction of an
outer belt adversely inpacted a decrepit jail. That was the basis
for the construction of an award-w nning justice center funded, in
part, by the Federal H ghway Adm nistration.

Al so unique to the netropolitan context are the social issues



that exist. The social environnent of many netropolitan areas is
changing radically. It has been suggested that it is necessary to
take into account the differences in transportation behavior in
terms of what kind of trip making decisions people nmake. The
denography of Portland is a uni que exanpl e. Denographics show t hat
peopl e start out as a famly in the center core of the city. When
they marry or when they reach a point of creating a household, they
tend to nmove to the outer areas of the city boundaries. Wen they
have a famly, they nove out into the suburbs. Wen they are done
rearing the famly, they nove back into downtown. The notion that
trip maki ng behavior over the fife of a famly is going to remain
constant is also open to question. Each netropolitan area,
dependi ng on the character of the downtown and the overal
livability of that nmetropolitan area, has its own uni que and
dynami c trip maki ng behavi or patterns.

Los Angel es rai ses another social question with its diversity
of ethnic backgrounds. People in the |ower end of the econonic
spectrumare finding it easier to afford autonobiles, to a certain
extent, but are now being squeezed in an environnment of intense
immgration with major inpacts on schools and ot her social systens.
The diversity creates even nore denmand on existing transportation
systens and changes the mix of social systens and social service
systens. This will have to be a factor taken into account by
transport systens.

The rel ationshi p between transport inprovenents in a given
corridor and the overall institutional context that exists in the
nmetropolitan area is a synthesis. In some senses, the given, which
pl anners work with in devel oping overall transit plans for urban
areas, is the comunity value structure that they are trying to
enhance with the planning system This value systemis not an
i ntegrated whol e but is put together by a nunber of different
institutional players in a given netropolitan area. Recogni-
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tion of this gave rise, in part, to | STEA' s section 134 pl anni ng
requirement that requires an MPOto provide a forum The process
of defining conmunity val ues has not gotten any sinpler or nore
honogeneous over the years, even with the presence of the Section
134 requirenent. That led to part of the rationale for making the
institutional process of the MPO even nore extensive in terns of
authority granted, for exanple, to nake decisions based on the
authority to withhold federal funds. As a result, the ability to
articulate comunity value on a netropolitan-w de basis and then
achieve it through planni ng processes drawn together in terns of
transportation and | and use, is still open to question. The
process of |land use planning is made that nuch nore difficult
because of the inportant question, what kind of urban formis
desired? If there is no ideal or clear cut sense of the goal, or a
hol i stic process of achieving it on a netropolitan level, the
efforts, in ternms of siting transport systenms particularly within
the context of an environnmental dinensions will be nuch nore
difficult over the long term

The argument can be made that a national urban policy exists
in disguise. It appears in the context of the CAAA and | STEA
Thi s rai ses broad-based questions which deal with a wi de range of
i ssues taking into account transportation and housi ng and
i nvestnment in a synthesizing way within the context of these two
pi eces of legislation and in an institutional context of fragmented
and decentralized nmetropolitan areas.

In the short termthere are not going to be any Changes in the
process of transportation planning.



Open Di scussi on

The di scussion was initiated by a description of the
interstate substitution process as an exanple of a way to overcomne
the inertia of competing jurisdictions. The interstate substi -
tution process allows different areas to trade interstate freeway
segnments in order for each

area to gain fromthe overall process and allows for financing to
be shifted fromone project to another. The process was
responsi bl e for the devel opnent of the Portland light rail project
when over 140 other projects were conbined in the process, and al
af fected parties gai ned sonething. For a substitution process to
wor k, individual jurisdictions need to be aware of what they would
gain by participating and, for those uninterested jurisdictions,
there needs to be incentives to encourage participation. These

i ncentives can be either positive, in the formof |ocal financing,
or negative, in the know edge that other jurisdictions, by
participating, will have an advantage over or a negative inpact on
the non-participant It was suggested that there is alimt to the
coordination of affected jurisdictions, however. As a broader cast
of characters is required by |egislation such as | STEA and the
CAAA, making sure that all the organi zati ons understand the

advant ages of participation will be extrenely inportant.

Ef forts have been nade to broaden the geographical definition
of acity in order to incorporate a |l arger tax base that wl|
support a deteriorating inner city. The question was then asked if
there were any simlar attenpts being made to increase the
di mrensi ons of an area to include nore institutions that would be
potential participants in projects adding transportation capacity.
M. Edner replied that in sonme cases |egislation may redefine
nmetropolitan areas. The boundaries of an MPOw Il traditionally
i nclude all urbanized areas, but it mght be different fromthe
census definition of a netropolitan statistical area or
consolidated netropolitan statistical area. |In defining an area of
ozone nonattai nment, for exanple, the boundaries may be different
dependi ng on whet her or not the governor of the state decides to
i ncl ude nonattai nment areas outside the traditional MPO boundari es.
Sone netropolitan areas mght al so have nore one MPO

There are few places with formal |and use transportation
nodel s, one participant clainmed. Oten, the chosen nethod of
transportation forecasting involved borrowing | and use forecasts
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and sinmply applying different transportation scenarios. This

nmet hod needs i nprovenent because the |ink between the two el ements
shoul d be strengthened. Land use forecasting should incorporate
transportation inprovenent inpacts down to the local Ievel

Al ternative scenarios need to be devel oped that extend beyond
current conditions, perhaps including the inpacts of transit or
transportati on demand nanagenent strategies. Various investnent

ci rcunstances and pricing changes, too, should be considered in
transportation and | and use nodel s.

It was al so suggested that the effects of the fragmented or
multiple levels of jurisdictions need to be understood as wel I,
regarding their inpact on transportation. One of the problens
associated with that approach is that even if all jurisdictions
within a region try to cooperate, their individual |evels of
understanding will often be inconpatible. D fferences in under-
standing will be conpounded by different |evels of financing,



anal ytical capacity, and data collection. This potential conflict
presents the question of howto bring an entire netropolitan region
together with the same | evel of conpetence to approach the issue at
hand. A related concern was, given the potential disparity between
jurisdictions, how can the EPA assure any | evel of overal
conformty? One suggestion was that an environnmental information
system (EI'S) could be inplenmented for the overall region to analyze
conformty on a program basis rather than on a project-by-project
basi s.

Transportation professionals, one participant contended, need
to encourage changes to the institutional structures that currently
act as inpedinments to planning and i npl enenti ng added
transportation capacity. Developing the data to support changing
this fragmented institutional structure will be an inportant part
of the research agenda recommended by the conference. Unless
changes are made, the fragnented structure will continue to
di scourage coordi nated | and use and transportati on planni ng
efforts.

One partici pant asked what, then, was needed to devel op the
necessary data to support changes in the institutional structure
It is inportant, one participant replied, to first |ook at what the
current institutional structure had done. A study of the Wshi ngton
D.C., netropolitan area that was prepared for the Transportation
Research Board showed that in the sub-regional planning process, three
maj or | ocal jurisdictions had revised conprehensive plans that contained
i nconsi stent transportation and | and use elenments. This exanple clearly
showed the extent to which non-cooperation would have significant inpacts
on any future devel opment at the regional level. The |evel of
deci sion maki ng needs to be equal to the level of inmpact. One
solution would be to give | ocal governnents responsibility and make
t hem account abl e for issues of consistency. By making the
institutional framework responsible, and self-policing the
deci si on-maki ng process will be nore explicit and | ess vul nerabl e
to inconsistencies.

Anot her point was rai sed concerning the difficulty in actually
defining the type of urban formthat was currently in place. How
does the existing urban formrelate to the institutional structure,
and is this urban forma response to social pressures or
institutional preferences?

An ongoi ng research project was descri bed where the influences
of institutional factors on transportation and devel opnment patterns
are being considered. 1In collecting an international data set and
eval uating the travel behavior differences between European
countries, an attenpt is being nmade to identify and evaluate the
institutional factors. Different policies of housing and busi ness
i nvestment also affect |ocation and transportation decisions. It
is necessary to stress the long-termnature of comparative
institutional research, as well as the necessity for a systenatic
approach, to ensure that all key variables are identified.

One elenment of institutional interactions is the concern for
system costs. Each institution wants to select the systemthat
wi Il produce the greatest benefit at the lowest cost. To relate
this to transportation capacity, it is necessary to

consi der various alternatives and the costs associated with each.
Utimately, the challenge of the conference is to consider howto
convey total systemcosts and alternatives to affected
jurisdictions and the public itself. Fundamental to this task is
identifying the strategic options of added transportation capacity
and devel oping tools and nodel s that are policy-sensitive at the
macro- and m cro-system | evels.



The tenporal context for the institutions which do that kind
of planning will be long term and transportation planners are
still going to have to try and approximate it and deal with it.
VWhat is inportant is determning the relationship, over the |ong
term of |and use pl anning, environment, and transportation, and
i ntegrating, synthesizing, and maki ng themwork holistically in a
decentralized, fragnmented netropolitan area.
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Day Two: How to Address the Problem

The opening remarks for the second day of the conference were
presented by Dr. Gordon Shunk, Manager, Urban Anal ysis Program
Texas Transportation Institute. In his cormments he restated the
original intent of the conference: to identify the principa
i npacts of added transportation capacity and to determ ne how to
study and incorporate the inpacts into nodels and the pl anni ng
process. He then summarized the main points fromthe first day of
t he conference:

- The inpacts of added capacity need to be identified before the
nodel i ng process can begin.

- The principal inmpacts include the grow h-inducing effects of
added transportati on capacity.

- The rel ationship between travel, air quality, and devel opnent
needs to be understood and incorporated into the planning process.

- Envi ronment al consi derations need to be nmerged with
transportation planning to ensure that two separate planning
processes are not addressing the sanme probl ens.

- Added transportation can spur devel opnent, and new devel opnent
can cause redistribution of traffic.

- The inmpacts of added capacity are conditioned by soci al
changes, which greatly affect travel behavior

- Several questions were raised during the initial day of the
conference and were presented for further consideration

- W1l added transportation capacity reduce or increase
congestion and air pollution?

- VWat el enments of the transportati on nodeling process need to
be changed? Are the distribution node choi ce and assi gnment
nodel s adequat e?

- Are there significant |atent demand or induced traffic inpacts
that need to be addressed?

- Shoul d t he devel opment and redistribution effects of added
capacity be considered key elements in the analysis process?

- Does the present |lack of information on |atent and i nduced
demand inply that these inpacts are, in fact, insignificant?

The foll owi ng recormendati ons were presented based on the

presentations and di scussions fromthe first day:

- It is inportant to consider the negative as well as positive
i npacts of added capacity in any further research.

- More anal ysis of the extent of inpacts needs to be conducted
specifically in determning spatial dinmensions and timng
(e.g., when the inpacts occur and for how | ong)-* Better
information on the effects of added capacity needs to be
collected but should not be limted only to data for which
forecasts can be conveniently devel oped.

- The effects of added capacity on freight novenent need to be



part of the research agenda.
- The effects on non-work travel and off-peak travel need to be
consi dered, as well.

Envi ronnmental Effects of Added
Transportation Capacity

John H. Suhr bi er

The presentation on the environnental effects of added
transportation capacity is divided into five main sections: genera
envi ronnmental concerns and issues, comments on the Cean Air Act
Amendrents of 1990 (CAAA), description of a land use project in
Portland, Oregon, description of project involvenent with the State
of Washington's legislative transportation comrittee, and comments
on the next generation of travel denmand nodel s.

The two | evel s of environnmental concerns are national and
local . National environnental concerns include wetlands
degradati on, hazardous waste, air quality, and clinmate change.
Local environnmental concerns include community character, open
space, air quality, and the not-in-ny-backyard (N MBY) phenomenon
The influence of both national and | ocal concerns on public sector
deci sion g continues to increase in significance, and transporta-
tion professionals need to be responsive to the kinds of solutions
that are being devel oped in response to these concerns. One
response is that new and expanded transportation facilities are
needed, particularly internodal facilities. Airports, transit
stations, and marine and freight ports need to be considered as
wel | as access transfer facilities.

In order to maintain environnental credibility, existing
facilities must denonstrate maxi mum efficiency before proposi ng new
or expanded facilities. This involves inplenenting such nmeasures
as travel demand nanagenent (TDM and, possibly, congestion
pricing. Transportation analysts nmust predict the inpact of these
solutions. At a recent neeting of the National Association of
Regi onal Councils during a di scussion of enployer-based trans-
portation programs, a conment was made that these prograns were not
wort h di scussi ng because they could not be analyzed by the tradi-
tional four-step denand nodels. The response was that perhaps the
four-step demand process was irrel evant because it could not cope
with the policy alternatives avail able today. This exchange
illustrates how inportant it is that the analytical capabilities of
the transportation professional be enhanced to serve the needs of
current national and state |egislation

The traditional way of discussing the CAAAis to list the
| egislative requirenments. There are, however, general analytica
requirements that need to be considered. One analytic element is
the base year and future year em ssions inventory. Inventories in
many areas win need to be devel oped on a spatially and tenporally
di saggregated basis. Em ssions will be exam ned on an hourly basis
over an entire day, which is not consistent with travel demand
approaches. Regional vehicle mles traveled (VMI) need to be
projected on an annual basis and then the VMI projection nust be
monitored. It will also be necessary to anal yze transportation
control neasures (TCMs). The CAAA al so places an enphasis on
mar ket - based econoni c incentives which will require analysis.

Em ssions resulting fromincreases in VMI or vehicle trips
will need to be monitored, requiring a new set of analysis
techni ques. How will congestion be neasured, and how wll it be
nmoni t ored? What is an appropriate measure of congestion on a
regional level? How will vehicle occupancy |evels be neasured in



response to enployer trip reduction ordi nances? These questi ons,
rai sed by the new air quality legislation, reinforces the need for
new anal yti cal techni ques.

The issue of conformty and the CAAA suggests a whol e new area
of analytical requirements. The emi ssions |levels from adopted re-
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gional transportation plans and state transportation inprovenent
prograns (TIPs) need to be consistent with the nobile source

em ssions estimate contained in the state inplenentation plan
(SIP). These are the |levels against which conformty is neasured.
Conformty will be nonitored at the systemlevel, or for entire
progranms, rather a project-by-project basis. The changes in
conformty nonitoring rai ses several questions. Wat is the cost
intine required to do a legally defensible conformty anal ysis?
Are existing nodel systens sufficiently accurate on a regi ona
basis, not just a CBD radi al highway basis, for purposes of a
conformty anal ysi s?

New anal ytical requirements will al so be necessary considering
the TCMs recommended in Section 108 of the CAAA. These
recommendati ons i ncl ude devel opi ng hi gh occupancy vehicl e | anes,
trip reduction ordi nances, park and ride facilities, and flexible
work schedules. How will the effectiveness of these nmeasures be
anal yzed wi the context of transportation planning? In many cases
it will not be possible to utilize the standard four-step network
anal ysi s nodel sequence. It will not be satisfactory, either, to
assune that enpirical experiences fromisol ated anal yses of TCMs
can be transferred to any other situation.

Exi sting transportati on nodel s must be enhanced and new
anal ytical capabilities need to be devel oped using pivot point
analysis, elasticities, or statistical regressions based on
enpirical data. To inprove existing nodel systens it is inportant
to know what vari abl es influence hi ghway vehicle enissions. The
nmont h and season is an inportant variable: ozone is a problemin
the sumer, carbon nonoxide in the winter. Transportation
anal ysts, however, traditionally |ook at spring or fall for a
typical sanple day. The tinme of day is also critical, considering
the em ssions inpact of non-peak and non-work trips throughout the
day. The standard nmeasurenent is VMI, but it is also inportant to
consi der whether the emi ssions are fromcold starts, hot starts, or
are running stabilized em ssions. Estimations of vehicle speed are
typically not very accurate in network nodels; and vari abl es such
as accel eration, deceleration, and vehicle operating conditions are
often ignored. Inportant vehicle characteristics to consider are
vehicle type, fuel type, vehicle age, vehicle nmaintenance, and
m | eage. The |ocation of em ssions, too, should be anal yzed; where
em ssions occur is inportant, whether they are in the CBD, suburb,
or el sewhere. For exanple, it is customary to criticize park and
ride lots which can be effective in reducing VMI and running
em ssions, but they do not necessarily reduce trip end em ssions
and trip start emssions at the facility.

A hi ghway construction proposal in Portland, O egon, can be
used as an illustration of the necessity for new anal ytical tools.
The proposal is for a circunferential highway in the
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sout hwest regi on west of Beaverton, extending fromlnterstate 5 in



the south up to H ghway 26, near Hillsboro in the west This
corridor is approximately 15 mles fromthe Portland CBD and is
currently at the edge of the devel oped urban area.

Two inmportant aspects of Portland distinguish it from other
urban areas around the country. First, there is strong interest in
grow h managenent aspects and | egislation. And, second, excellent
cooperation between the environnmental comunity and the | ocal
regional, and state agencies involved in transportation projects
exi st s.

Two basic objectives drive this project. The first objective
is to evaluate a set of alternatives to the proposed western
hi ghway bypass and to coordinate this with the Oregon DOT and
Portland Metro. The alternatives include |and use actions, i.e.
observing regional growh patterns and specific small scale
activity center devel opnents with a focus on devel oping transit and
pedestrian-oriented designs. The alternatives are al so being
considered within a broadened context of transportation upgrades
for existing roads, transit facilities, travel demand managenent,
and bicycle and pedestrian facilities. The second objective is to
determ ne the appropriate analytical tools that will be effective
within this broadened scope. This project uses an interactive and
iterative land use transportation analysis system The specific
| and use nodel is Pus DRAM EMPAL gravity-based nodels. These two
nodel s are |linked together in a nodel sequence with an iteration
sequence of five year intervals where the transportation results of
one iteration are used to influence the estinmated distribution of
| and use activities, housing, and enpl oynment in the second
iteration.

Several products will energe fromthis process including a set
of land use devel opnent and transportation proposals. Another
product will be an advanced set of nodels. By simulating the
effects of added transportation capacity on energi ng devel opnent
patterns, it will be possible to consider whether there is an
alternative to new highway construction. Finally, proposals are
frequently presented in terns of a "what if" scenario. For
example, if a

proposed devel opnment is transit and pedestrian oriented, is new
hi ghway construction desirable, as the | and use desi gn encourages
transit use and wal ki ng? New sinul ati ons and nodel enhancenents
resulting fromthe Portland project can be used in analyzing this
of scenari o.

A recent review project for the Washington State Legislative
Transportati on Comm ssion further illustrates the need for
anal ytical inprovenments in response to environnenta
consi derations. The project reviewed the nethods that have been
used for progranm ng and prioritizing transportation actions.
Washi ngt on' s nmet hodol ogi es are considered to be anong the best in
the country. However, the review reveal ed several areas where
i nprovenents shoul d be considered. First, the procedures need to
be responsive to a broader range of policy concerns. Two specific
areas identified were grow h nmanagenent and air quality; these need
to be treated in a consistent manner. |Internodal coordination
needs to be expanded beyond the hi ghway programr ng process to
i nclude other transportation facilities. Investnent tradeoffs need
to be exam ned. One tradeoff would be between preserving existing
hi ghway and transportation facilities as opposed to increasing
capacity. In reviewi ng project alternatives, a broader range of
i nvest ment options should be considered. Finally, these
progranmm ng and prioritization procedures needed to be nodified to
respond to increased funding alternatives and increased strength in
t he regi onal deci sion-naking process.



The Washi ngton review shows a shift fromthe traditiona
devel oprment of fixed transportation facilities plans to nore
flexible alternatives that include the possibility of introducing
new t echnol ogi es. A nore strategi c nanagenent of existing
resources and a consideration of a variety of factors on an equa
basi s, such as freight and passenger novenent, open space, air
quality, and econom c devel opnent has emerged. The fina
inmplication is that these factors must be evaluated in a
guantitative manner, not just qualitatively at the programm ng
stage. To do this effectively requires analytical inprovenents in
transportati on nodel i ng.

M. Suhrbier concluded his presentation with coments on the
next generation of travel demand nodels. There have been many im
provenents to the four-step nodeling process over the past few
years, particularly in its adaptation to mcroconputers and graphic

technol ogy. However, transportation planners still use the sane
four-step process with the same set of nodels. This situation
presents many questions regarding travel demand nodels. Is it tine

to introduce sonme substantive inprovenents to the individual nodels
and to the way they are connected? Is it necessary to provide nore
feedback fromtraffic assignnent into node choice distribution and
generation? Can a broader range of housing and denographic
vari abl es be incorporated into the nodel structure of individua
nodel s?

The next generation of travel demand nodel s m ght consider
expandi ng the range of policy sensitivity, integrating geographic
i nformati on systemtechnol ogy, and incorporating travel demand
managenent neasures. The switch to m croconputers has initiated a
decline in nodel standardization. WII| it be feasible to continue
to devel op an overall standard nodel systemor to concentrate on
devel opi ng a set of building blocks fromwhich different node
systens can be devel oped that consider regional attributes?
Considering all these possibilities, the set of transportation and
anal ytical capabilities that will exist five, 10, or 15 years from
now wi Il ook very different fromthe standards of today.

Open Di scussi on

The di scussi on session opened with general comments and
guestions regarding the Portland, Oregon, project. The comment was
made that the project was focusing on urban design options that
i ncorporated transit- and
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pedestrian-oriented devel opnents. This was different from
traditional suburban devel opnent options that were exclusively
residential and encouraged autonobile use. How these design
options would blend with the existing urban fabric was being
considered in the study project. This focus created a two-scale
project scope to look at transit- and pedestrian-oriented

devel opnents; one project scope was macro-oriented, and the other
was mcro-oriented. One inportant outcone of the Portland project
was the conmparisons of "visions" of future | and use w th node
results and the attenpts to reconcile these two parts.

One participant remarked on the difficulties presented by the
guestions of scale. Mich of the |l and use visionary planning that
has been done at the micro-scale, for exanple, by Peter Calthorpe,
is not easily incorporated into conventional nodels. The analysis
and literature on pedestrian-oriented devel opments (POD) and
transit-oriented devel opnents (TOD) claimthat [ower vehicular trip
rates can result, but these studies do not answer the basic
guestions presented at the conference. One of the questions is, if



a TOD is built wth nei ghborhood shopping, will people actually use
it; or wwin they drive farther to the supernmarket to save 20 percent
of f the nei ghborhood market prices? This trip mght be at off-peak
hours, but it mght also occur during peak hours. How to incorpo-
rate these issues in the nodels is problematic.

The question of institutional interactions in the Portland
experience was al so raised. Sections of the proposed road are
outside the metropolitan growh boundary, and there has been little
coordi nati on between regional policy and state agencies. Simlar
issues were raised in Florida, it was noted, which resulted in
explicit revisions in the state growth managenent | egislation
speci fying that agencies had to devel op plans that were part of the
entire state-coordi nated pl anni ng process.

Anot her participant said that the Portland proposal enphasized
the link between transportation capacity increases and trave
demand. The study was designed with a scenario framework for
anal ysis which is inportant when considering transportation and air
quality conformty questions. A key issue was that alternative
vi sions of the community needed to be considered, as the current
trends in western Portland would not be sustainable in the future.
Alternatives to a major increase in highway capacity in the region
needed to be considered. These alternatives incorporated increased
bi cycl e and pedestrian capacity in the comunity. One of the
i nportant findings of the study maybe how nuch TDM neasures have to
affect travel prices in order to get the | and use nodels close to
replicating the visions.

The question was raised as to what the inpacts of the Portl and
proposal were and how they were going to be nmeasured. The main
i npact woul d be how devel opnent woul d occur as a result of
alternative transportation investnments in transit and hi ghways.

O her questions would be how that would affect the distribution of
housi ng opportunities and enpl oynent. Wuld there be significant
variations in housing locations if transportation options were
provi ded?

The key to making community scal e devel opnments work woul d be
t he success of a conmmunity shopping facility, one participant said.
This was one area where further research would benefit nodeling
activities. It was then suggested that another area of potentia
research is housing price response to transportation i nvestnents.
Thi s response should be incorporated or considered in future
nodel i ng syst ens.

The question was presented regardi ng how transportation
capacity affects devel opment decisions. \Wat, for example, are the
costs of intensification? Mssing in the current nodels, it was
suggested, was the connection between capacity and devel opnent,
specifically, the ability to project the reaction of devel opers to
added capacity.

One participant said that the focus of the devel opnent and
transportation interaction was increasingly centering on the
j obs/ housi ng bal ance. The cl oser people are to their jobs, the
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nore travel can be minimzed. However, studies in Geat Britain
imply that a m ni num di stance between housi ng and enpl oynent is de-
sirable; so perhaps further study of this relationship is needed
The di scussion then focused on the need to exanine the

forecasting ability of existing nodels. No serious research has
been done since 1980 on the reliability of the forecasts. Part of
the problemis the unavailability of conplete historical network
data sets on which to base a study. It was suggested that there
had never been a great deal of concern regarding nodel testing on a



systemati c basis and understandi ng what the capabilities of the
nodel were under different circunstances. One participant replied
that, in fact, nost nodelers knew of the limtations of the tools.

It was then pointed out that one problemw th nodeling is that
the actual facilities being built would last for 10 to 50 years.
How can a dynanmic world be incorporated into nodels dealing with
long-termfacilities? Fuel prices will vary drastically, as wll
human val ues. Twenty years ago there was little concern for
envi ronnmental issues. For this reason, the five year iterative
approach to nodeling as used in the Portland study woul d be
advant ageous. An exanple of this problemcould be found in airport
planning. It might be 10 years before an airport is built, and
then it will be in use for the next 20. How do elasticity and fue
prices fit into this scenario for nodeling purposes? The
traditional four-step nodel would not be adequate for this
illustration. Perhaps a solution would be to incorporate mcro
nodel s for short-term project inmpacts and then use nmacro nodels for
the | ong-term anal ysi s.

It was recommended that micro-scale planning and its effect on
trips should be one of the research recomendations fromthe
conference. Specific questions should include the effect that
enpl oyment and residential mcro-planning have on transportation
capacity and the effect that pedestrian-oriented devel opnent has on
capacity?

Addi tional research proposals could be devel oped fromthe 1990
US. Census data on netropolitan area journeys to work. This data
supports research on the tine el ement of added capacity i npacts.
Capacity inprovenents over 10 years for individual metropolitan
areas can be anal yzed, focusing on the inpacts of small area
devel opnents. Devel opnent types could be classified as high
noderate, or low growh for tine series analysis. Capacity
i nprovenents under different institutional frameworks could al so be
studied. Wether or not the local jurisdictions are anenable to
devel opment and added transportation capacity has further
i mplications for nodeling.

It is inportant to understand who in the househol d works and
the location of the work place in relation to the nunber of tota
trips made per day. High tech industries, for exanple, now enpl oy
many of the lower income workers in a family, placing themin the
overall transportation stream These workers may not show up on
the primary work estimation process used today. Two people per
househol d that commute to work and the housing | ocation decision
resulting fromnmultiple comutes have inpacts on the transportation
system

One participant then discussed the inportance of not
separating transportati on and devel opnent policy fromforecasting
efforts. The consequences on transportation capacity fromeither a
muni ci pal growm h policy, or an anti-growth policy, a high density
devel oprment policy can be significant. The housing market is a
cruci al elenent of growh policies. Housing costs, proximty to
enpl oyment, and the types of potential occupants inpact the
transportati on networKk.

The inpacts of added transportation capacity, however, may be
t emper ed dependi ng on what kinds of restrictive zoning or growh
managenent polices are in place. Sone suburbs are actually
shrinki ng because restrictive policies are either pushing new
devel opnent farther out on the urban fringe, or even back into the
central city. Aresult of this is a lack of affordable housing in
ol der suburbs which are often mgjor enploynment centers as well.

Tr ans-
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portation capacity inprovenents in these areas, then, may not have
caused i ncreased devel opment For this reason it is inportant to

| ook back 20 or 30 years at the rel ati onship between capacity

addi tions and devel opment. By doing this, as well as looking into
the future at the possible influences of alternative transportation
i nvestnments and policies, the structural dynam cs of the
transportation/land use systemw Il be better understood. To do
this, it was suggested, it will be necessary to conbine m cro- and
macro-scale factors into the nodeling process. One final conment
was made that a major inpedinent to this suggested avenue of
dynam c research was that nost of the historical data collected by
MPCS, for exanple, no longer exist, or the conputer systemfor

whi ch the data were devel oped is no | onger supported.
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Forecasti ng Model s
Dani el Brand

In his presentation, Daniel Brand considers the use of
transportation nodels in determning the effects of added
transportation capacity. Capacity, however, is not the inportant
determ nant of travel demand. The nobst inportant determinant is
the change in the level of service that influences the consumer's
view which, in turn, affects travel demand

Rail lines are often pronoted as bei ng capabl e of carrying 40,
000 peopl e per hour as opposed to 2, 000 or 3, 000 per hour on
congested expressways. Wiile this nmay be true on sone rail |ines
(e.g., in New York City), it is certainly not the case in other
cities. The consumer valuation of |evel of service is a major
i nfl uence which affects travel

Added capacity has major travel inpacts in high volune
corridors which are currently congested. 1In large cities and in
hi gh vol une corridors, the addition of transportation capacity wll
change the levels of service. However, a capacity increase in a
hi gh volune corridor will only cause a return to the forner
congested state. The results of this capacity increase to a high
volume corridor is greater negative air quality inpacts a capacity
increase to a | ow volunme corridor. Devel opment pressures, which
will be greater in a high volune corridor, account for this return
to a former state of congestion. Wen congestion returns to its
former state, it can be assuned that the benefits fromthe trip
l ength increase and the increased trip frequency to higher val ued
activities at the trip destinations are equal at the margins to the
added travel times and costs of those |onger and nore frequent
trips. This describes the conventional derived demand benefit
assunption and presents a legitimate framework for evaluating the
user travel benefits of capacity inprovenments by hol di ng constant
t he assunption that margi nal benefits are equal to the change in
consuner service. User benefits, which are part of the
internalized price of travel, can be valued by allow ng individua
choi ce behavior to be presented by the demand curve. |Individuals
pl ace values on trips, and these can be represented by | ength and
node.

VWhile this partial equilibriumframework is adequate for



eval uating the user benefits of added capacity, it is not adequate
for evaluating the air quality inpacts, because the new equilibrium
of service is unknown. As new devel opnent occurs and road patterns
change, there will also be changes in enission |evels.

Several points need to be nade concerning congestion and
congestion equilibrium Congestion is increasingly out of contro
in metropolitan areas. The autonobile systemis a classic exanple
of a system where individual choice behavior is paranmount. The
private interests of the individual, who pays only for the

internalized costs of travel, is placed over those of the public or
social interests of travel. Each tinme an individual drives an

aut onobi l e onto a congested system the individual generates nore
aggregate delays and air pollution for others. |In economc terns,

the margi nal private cost of individual travel is significantly
| ess than the social cost of this same travel

Congestion is the price the transportati on system i nposes on
all users as a result of private decisions to |locate in ever |arger
metropolitan regions and on large plots of |land at increasingly
farther distances fromwork. These individual decisions do not
take into account the cost of transportation that is inposed on
everyone el se. Housing |ocation decisions do not internalize the
cost of travel. This leads to inefficiency, as the system| oses
its ability to confront consuners with the real costs of their
decision. This is as true in the long termfor |and use deci sions
whi ch generate congestion as in the short termfor individua
travel decisions. By not solving the congestion problem private
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equity in housing is being threatened.

The costs of congestion can be confronted by initiating
transportation investnments such as intelligent vehicle hi ghway
system t echnol ogy which may serve to mtigate sone of the added
travel and congestion inpacts. O, consuners may have to pay |ater
for congestion as housing val ues decline with added congesti on.

For this reason, social cost questions should be considered in the
pl anni ng and nodel i ng processes.

Forecasting nodel s are needed to evaluate the travel and air
quality effects of added transportation capacity. Travel in
metropolitan areas is influenced by many factors which change over
time. Direct observation of the effects of change in individua
causal variables is not possible, particularly in a situation where
transportation capacity is being added and growth patterns and | and
uses are changing. Milti-variable statistical techniques nust be
used to separate and neasure the influences of causal variables
whi ch may affect travel and air quality. The problem then, is to
specify and structure these nodels properly. What are the correct
nodel s to use, adapt, and research? The data generally used to
estimate travel denmand nodel s are cross-sectional and collected at
one point in time. These data represent a general equilibrium
supported by the assunption that people have nmade all of their
travel and | and use adjustnments in response to the |evels of
service presented by available transportation alternatives.

Travel is usually considered a derived demand comodity. It
is desired not for its own sake but is sonething on which resources
nmust be expended in order to obtain the benefits of the activity at
the trip destination. Therefore, the nost appropriate way to
forecast a derived demand is to forecast the demand for the fina
good or activity at the trip end. The resources expended on trave
will be one of the costs of obtaining that final good or service
Cross-sectional data should be used when forecasting the derived
demand commodity, and the appropriate variables are the activity



patterns, not the anount of travel

Activity is a function of many things. In the transportation
sector it is a function of the price and service of all conpeting
transportati on nodes that supply service to a particular area. It
is also a function of anenities such as sewer, water availability,
school s, and nei ghbor hoods. The appropriate nodels to illustrate
this activity are general equilibriumnodels which include
expendi tures on travel and user costs of obtaining trip-end
benefits as vari abl es.

One sinplification of the general equilibriumnodel is called
a direct demand nodel. This sinplification converts the genera
equi libriumnodel to a partial equilibriumnodel. It incorporates
travel node, purpose, and tine period and is a function of the
price and service levels on the subject node and on conpeting
nodes. Wil e having shortcom ngs, the sinplification process has
advant ages. One advantage is that by using existing cross-
sectional data, |and use changes are nodel ed.

Sinplifying the general equilibriumnodel is a three-step
process. First, the trip table is growh-factored based on changes
in activity levels. These changes result from non-transportation
factors such as changes in househol d characteristics, size, or
lifestyle. Then, the long run elasticities, or relationships, and
the direct demand nodels are used to forecast induced travel
These forecasts account for popul ati on repl acenent and the
experiences of increased use in corridors with added capacity and
i nproved |l evels of service. They also take into account the short-
term changes in travel choices such as frequency, destination
choice, and tine of day. The third step assigns travel by node to
the facilities g up the subject node.

The general equilibriumnodel has been used for several years
and has been called an el asticity-based method, or an increnental
nmet hod. The increnmental nethod has been used to forecast induced
travel which is then added to the base trip table. The increnental
met hod can provide a cross check on reality and has many
advant ages. By using the cross-sectional data that are al ready
avai l able, the three-step
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process described here can provi de adequate nodels for forecasting
the effects of added transportation capacity.

Open Di scussi on

The di scussion was initiated by remarks fromone of the
partici pants regardi ng the request for sinple transportation
nodel s. The conment was made that, in general, nodels require nore
two or three variables, especially those needed to describe
transportation control measures (TCMs). It was felt that an issue
nmore inportant the nunber of variables is that the nodel be
carefully structured. The properties of the nodels thensel ves need
to be examined to verify their validity.

A nunber of questions were raised regarding added capacity and
nodeling. What are the likely and nost inportant direct and
indirect effects of the major capacity inprovenments? Wiy do these
ef fects occur and how are they exhibited? Devel opment pressures and
popul ati on repl acenent within the affected corridors need to be
considered in nodel structure. Are there additional induced trips
resulting from added capacity? Do peopl e nake | onger trips or
change nodes? Wat are the effects on air quality? It was suggested
that while partial equilibriumnodels are sufficient for assessing
user benefits, they are not adequate for assessing social costs



such as congestion and air quality. A general equilibriumnodel is
necessary for air quality, one participant added; and conventi onal
nodel s do not take into account the behavioral aspects that need to
be i ncl uded.

One partici pant asked which nodeling practice is currently
considered to be the best. Is it the partial equilibriumnode
even though it does not allow | and use inpacts to be taken into
account? Also, is travel demand really derived fromactivities and
the demand for activities? The reply was that, first, the partia

equi |l i brium nodel is not always the best nodel; it would be nore
conveni ent to use a general equilibriumnodel that included
forecasts, travel, and land use all in one step. The initia

adjustment fromthe general equilibriumnodel to a partial equi-
['ibriumnodel is the direct demand nodel, and the direct dermand
nodel is a nore |ogical representation of travel behavior the
traditional trip distribution

The direct demand nodel s shoul d be consi dered i ncrenental
i nprovenents to the existing way of doing things. They fit better
the current sequential nodels that are used, but they are not neant
to be a substitute for the ultinmate general equilibrium nodel which
forecasts travel at the inmedi ate output of the general equilibrium
forecast of activity distributions. These nodels should be
pur sued.

Anot her partici pant supported this approach and said that
gi ven the poor quality of nodels which are currently being used, it
made sense to use a direct demand formul ation. The inplication of
this situation is that nodel ers and pl anners need to be prepared
for changes in the nodeling field as communities realize that to
test devel opnent options, new analytical tools are required. It
was then recommended that a study of the effectiveness of the
direct demand nodel as used in several cities be considered as a
research project.

The next section of the discussion centered on the research
agenda that shoul d be consi dered when | ooking at the effects of
added capacity. One participant strongly urged that the research
agenda be expanded. There are many questions that the states,
MPCS, and local jurisdictions are asking, but the profession is
i ncapabl e of testing. There are al so questions being asked which
the MPGs need to be able to answer thenselves, given their
i ncreased responsibilities in transportation planning. |In the past
it was suggested that MPCs remain outside the research node. This
situation is changing, and it will be necessary to provide the M?Cs
with the tools that will enable themto answer these questions.

Anot her partici pant added that the application agenda is al so
i nportant. There are tools and anal ytical techniques available to
provi de assistance in the immediate term The research
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agenda will benefit the next generation of conformty analysis,
travel forecasters, and | and use planners by providing themwth
better tools; but the current application agenda shoul d not be
i gnor ed.

It was then suggested that the research agenda really
consi sted of two parts: shortrange and | ong-range research. The
| ong-range agenda wi ||l consider how travel forecasting is done; but
this may not show results for 10 years, while the short-term needs
to support inprovenents within the next year, if possible. Short-
termresearch can address i medi ate questions about the four-step
process. The fact that several MPOs have experience with the four-
step process neans that there is value in providing short-term
answers to obvious problenms. 1In the longterm however, it is



i mportant to look at the entire approach to travel forecasting and
consider the current context wi thin which these questions are being
asked. The argunment was rmade that frequently tenporary fixes to
exi sting techniques are accepted as substitutes for new work or new
approaches. Also, it does not always take 10 years to inpl enent
new approaches. The inplenentation of new, shortterminprovenents
to an existing nodel is often easier and nore cost effective the
continued use of the unaltered version

A request was then made to enunerate the short-term approaches
to the four-step nodel that had been previously nentioned. One
suggestion was the need for accurate estimtes of volumes on a |ink
in order to get VMI and accurate estimates of speeds on the |ink.
Estimati ons of average speeds of traffic, which are unreliable at
this tine, are needed to study em ssions inpact. Variance analysis
of capacity and performance needs to be conducted. This would
allow for better highway systemlink classification which would
provide a better basis for speed and del ay cal cul ations. The
i npacts of avail able parking and stop signs are not currently
understood. The friction between HOV | anes and m xed traffic |anes
on a freeway are also areas that need further analysis. Overall,

i nprovenents to the four-step nodel can be nmade to the performance
area in regards to capacity inpact.

The next question raised was what |evel of forecasting should
be focused upon, precision, general or specific. Should issues
such as specific traffic signals on |local streets and pedestrian-
friendly urban design be the objective? O, are these elenments too
specific for a 20-year forecast? One participant recommended that a
general level is preferred, as the nore specific forecasts wll
often be too optim stic and, eventually, unrealistic.

One partici pant described the speed and vol une rel ati onshi ps
on a transportation systemas chaotic. Wth advances in chaos
theory and the mat hematics of chaos, it was suggested that |ong-
range research be inplenented fromthis viewoint. The
conventional four-step nodel would be inadequate to deal with this
approach; but real time nmonitoring, perhaps with aerial
phot ogr aphy, would be an option. Vehicles could be observed in the
systemin real time to nmeasure vol umes and speeds on . One full day
of data on a nmetropolitan systemcould be captured and conpared to
the results of a four-step nodel

It was suggested that while renote sensing m ght be a
possibility, it nmoves transportation planning further away from
travel demand and behavi oral approaches ever before. The approach
shoul d be to understand travel behavior and household | ocation
deci sions at the househol d | evel when considering the effects of
policy variables on individuals. The effect of parking subsidies
and its inmpact on travel behavior should al so be considered

One participant then questioned the need to get to the |eve
of detail that would be the product of renote sensing. While it
woul d be possible to gain a prediction of em ssions based on
specific accel erations and decel erati ons on one |ink, the demands
on the forecasting process fromconformty assessnment requirenents
and transportation control measure (TCM analysis may not require
that |evel of accuracy. Rather, if the transportation research
conmunity would work with the air quality conmu-
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nity and explain the nodels and their limtations, a nore
profitable nethod of dealing with em ssions nodels and trave
variabilities could be found.

The inmportance of basic research on why people make trips was
agai n enphasi zed by one participant There is still no fundanenta



under st andi ng of why people travel. How are shopping trips

i nfl uenced by | and use patterns or the availability of opportunity?
VWhat happens when transit reaches a higher |evel of service? The
requirements for air quality research supports the need to anal yze
t hese issues.

Devel opers and enployers al so need to be considered. Better
nodel s of future devel opnent are needed and a behavi oral approach
woul d be appropriate. Future |land use pattern and density nodeling
will be inportant in generating ideas of what transportation
demands will be. For exanple, nost of the new dwelling units in
the Portland regi on over the past 10 years exhibit fundanentally
different patterns and densities those built in the previous 30
years. Form ng nei ghborhood clusters into villages or comunities
with better patterns and densities is problematic because the
result can produce fundanentally different transportati on denmands
those being currently addressed.

Several suggestions for the research agenda were then nmade.

It is necessary to be nore sensitive to cost and price in
transportation nodels. Mbst npbdels do not even recogni ze the share
of enpl oyees receiving free parking. Person trips should be the
fundamental unit of trip generation, rather than vehicle trips, to
account for total travel behavior. It is necessary to be sensitive
to the proximty of jobs and houses and the transit system Access
to the transit network is inportant in terns of the quality of
wal ki ng and cycling, as is the ability of people to satisfy daily
needs through short trips.

O her issues that were raised included the need to observe
exi sting devel opnents and the changes taking place as a result of
| and markets, transportation investrments or |ack of investnents,
and soci al and behavioral factors which are reflected in household
denogr aphi cs and changes. Business | ocation, growh and investnent
cycles, and spatial el enents need consideration, as well. These
i ssues call for a reorgani zation of the fundanental data structures
used in travel demand nodel i ng.
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Experi mental Design
Pet er St opher

The purpose of this presentation is to try to determ ne by
measur ement whi ch of the inpacts of added transportation capacity
can be identified. There are several inpacts that are assuned to
t ake pl ace, such as route changes, node changes, trip timng
changes, destination changes, trip frequency, and trip chaining
changes. These are considered short-termresponses to capacity
i ncreases. Potentially |ongertermresponses include auto
ownershi p, residential |ocation, enployment |ocation, and regional
grow h changes. The purpose, then, is to determine if any or al
of these variabl es can be neasured.

It is inportant to keep in mnd several contextual issues.

G ven the nature of the source of these changes, a multi-year study
i s necessary. A nunber of these effects win not be visible unless
t he phenonmenon is studi ed over several years. It will also be
necessary to deal with tinme-dependent externalities in the trans-
portation system It is not possible to change capacity in the
system and hol d everything el se constant for the next five or 10
years while it is analyzed. Gas prices, transit fares, |levels of



transit service, and other prices wi the urban area will change.
O her capacity may be added, and sone capacity m ght be taken away.

As a contextual issue, planners are |ooking at situations
where a significant duration of congestion nust exist in order to
give rise to the effects that are being studied. There al so needs
to be a fairly extensive geographic spread of the congestion. Many
of the inpacts being considered will not occur in a small urbanized
area with a localized bottl eneck problem for exanple, which can be
alleviated with additional capacity. Large urban areas with
ext ensi ve congestion, both by geographic and tenporal standards,
shoul d be the study areas.

Mul tiple |ocations need to be considered, as well. Unless
several urbanized areas are studied sinmultaneously, it will not be
possible to sort out what specifically arises fromthe addition of
capacity.

Three categories of experimnmental approaches should be
consi dered: the case study, attitudinal and preferential surveys,
and | ongi tudi nal panel surveys.

An exanple of a case study would be the Century Freeway in Los
Angel es which is currently being constructed, or the Central Artery
i n Boston which would be an actual instance of a significant
capacity increase in a very congested corridor. The other
categories, attitudinal and preferential and | ongitudinal panel
surveys, are not necessarily exclusive, however. 1In fact, what
shoul d be considered is devel oping a way to conbi ne severa
el ements of these different categories

The case study approach is an interesting starting point for
any sort of enpirical analysis. oviously, a case study should

exam ne an actual capacity increasing project. It is inmportant to
identify it early enough to conduct a set of four surveys of both
residents and enployers. It is also inportant to include

devel opers within the list of those to talk with and neasure
responses from A series of "after"” surveys fromthe residents and
enpl oyers is needed in order to follow up on changes taking pl ace.
A time span of at least 10 years is required to see long-term
effects.

The case study approach is not w thout problens, however.
First there are issues which relate to sanpling. Before the
project is built, howis it determined who is likely to be the user
of that project? These users are the ones to be surveyed both in

the before and the after series. It is often difficult to
determ ne who the users will be. Some people will be users of the
corridor even before the project is built. If some of the

assunptions about the inpacts of added capacity are correct, people
shoul d be traveling
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in the corridor after it has been built who were not traveling
there before. Maybe they were not traveling at all, were traveling
somewhere el se, or were going to other destinations. How can these
users be located and the changes that take place measured?

A second issue is tinme frame. 1In a 10-year study, there are
all sorts of cyclical changes that go on w thin households. How
can these changes be accounted for? Are they actually generated by
t he changes that they thensel ves are goi ng through? Wuld the
changes have occurred whether or not the project is built? How are
the external changes in the transportation systemcontrolled? A
nunber of other changes g place within the systemitself, even
within the corridor, need to be controlled if change is actually
going to be isol ated.

VWat about the neasurement of change? First, there is a



problemwith the reliability of nmeasuring change. Second, it is
necessary to consi der what the change is being neasured rel ative
to. In this case the interest is in change relative to what woul d
have happened if the capacity increase had not been built. Is it
possible to find a control location which is sufficiently like the
project |location chosen for added capacity so it can be determ ned
how much change woul d have taken place wi thout the project? The
Central Artery of Boston and the Century Freeway corridor of Los
Angel es are sonmewhat unique in their characteristics, but it would
be difficult to find a parallel which would all ow an assessnent of
how much of the change can be attributed specifically to the
capacity increasing project. Sone of the work previously done, for
exanpl e, on the BART inpact in San Francisco, points to a | ack of
constancy in the system between the before period and the first
after-survey. After |ooking at one before survey and one after-
survey, it appears that several changes have occurred within the
systemin the tine period. A case study may not be an idealized
situation because of these neasurenent problens. That is not to
say that a case study approach is inappropriate, but alternatives
shoul d be consi der ed.

The first alternative to be considered is the attitudinal and
preferential surveys where a hypothetical situation is discussed
Thi s measures how people feel they would react under this
hypot heti cal situation. The target population will be people who
live in congested urbanized areas. Qestions to ask include: What
woul d a capacity increase in this particular corridor mean to you?
On the ot her hand, suppose that capacity did not increase and con-
gestion kept getting worse like it has been doing the last 10
years. How woul d you respond then?

The first place to start with this approach is a set of focus
groups who will identify exactly what should be measured. How can
transportation planners interpret the notion of a capacity increase
or worseni ng congestion into | anguage the residents and enpl oyers
inthe area will understand and be able to respond to? One way is
by getting people to talk about their problens with congestion by
aski ng them how they m ght react as congestion gets worse and if
there is some way to relieve that congestion

The idea of a focus group, of course, is sinply to hel p design
the main survey and decide how the survey itself should be forned.
There are two alternatives. One would be to conduct sone sinple
attitude surveys, which seemto have fallen out of vogue sonewhat
but were very popular in the 1970's. They may not be a
particularly good solution, but sinmple, straight forward attitude
surveys which do rankings, inportances, and satisfactions should be
used. These will potentially provide some neasurenent of short-
term changes and sone indication of the direction of |ong-term
changes. One reason for nmentioning attitude surveys is because of
recent experiences with simlar surveys while interview ng senior
managenent, particularly in the Los Angel es area. The attitude
survey was found to be a successful technique for eliciting
i nformati on from enpl oyers whi ch has sone sound behavi oral basis.
Seni or managenent about the future; they may even think about | ong-
termfuture, and as a result, they potentially respond very
intelli-
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gently on attitude-type questions.

A second set of surveys to be considered is stated preference
surveys. There is no specific definition of the way a stated
preference shoul d be done, but the basis for stated preference is
to provide people with alternative scenarios (either increasing



congestion or a sudden reduction in congestion) and determ ne,

t hrough a tradeoff how they would respond to those changes. Stated
preference is gaining acceptance as a nmethod of neasurement within
the transportation planning profession. 1t avoids many of the
pitfalls which occur and is fairly straight forward in reveal ed
preference neasurenent where externalities exist that cannot be
controlled. That is, in a stated preference survey the individuals
surveyed can be controlled as to the specific changes presented to
them for which reactions are desired. The respondents can provide
the source of tradeoffs of preference necessary to find out how
their behavi or would change if a congestion-relieving project were
bui l't.

The stated preference suggests, then, that there mght also be
a testable hypothesis. The responses people would have to a
capacity increase which relieves congestion nmay be, in fact, a
mrror inmage of the way they would respond to a continual increase
in the levels of congestion. |If thereis a mrror image and it can
be tested as to whether it is a correct nodeling of behavior, other
potentials are opened up in terns of ways the problem can be
st udi ed.

There are several pros and cons to the attitudinal and
preferential data. The attitude and preference surveys do not
require a specific project setting nor do they involve conplex
sampling issues. The issue, however, is not to find out
specifically which residents of an area would or woul d not be
i npacted by a particular congestion-relieving project. Rather, it
is inportant to determ ne what the residents' current patterns of
novenent are and then propose to thema relief of congestion in a
corridor they are famliar with. This is done with conplete
control of the externalities. The focus groups can provide a basic
design, or a set of inputs, to any survey, whether attitude and
preference or case study. The focus group can assist in hel ping
design the survey itself.

There are al so sonme negati ve aspects of attitude and stated
preference surveys to consider. Attitude surveys are not reliable
for neasuring behavioral intent A considerable amount of literature
exi sts on behavioral intent nmeasurenent and how rel atively poorly
it correlates with actual behavi or once the hypothetical situation
is actually inplenented. For instance, the D al -a-Ri de experi nment
in upstate New York in the late 1960's and early 1970's and the
recent Metro rail ridership experinment in Mam show that there is
a relatively poor correlation between stated behavioral intent be-
fore the project is built and what actually happens afterwards.

There are also limtations on what can be neasured with
attitude surveys. Only a certain nunber of concepts can be
confortably measured with attitude surveys. little is known about
the neasurement’'s reliability, but it is probably lowwth limted
quantification possible. The attitude survey will not provide spe-
cific and quantitative data for a mathematical nodel which woul d
forecast the response size expected with a certain anmount of
capacity.

Stated preference, on the other hand, often involves a fairly
| engt hy survey design or at |east requires several respondents
where each one does a partial but overlapping design to keep the
design fairly short. Mich is known about stated preference in
regard to short-term neasurenent, however, it has not been proven
internms of long-termreliability. That is something yet to be
det erm ned since planners have been using stated preference for
only a short time. However, on the other hand, stated preference
does not require a long duration study. A multi-year study is
still necessary but would not require a 10-year study. An adequate
desi gn coul d be acconplished over a period of, perhaps, two to four
years.

Considering the time element, it is possible to use
| ongi tudinal panels if there is no exclusively conflictua
met hodol ogy. Thi s con-
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siders the possibility of the reversibility of responses to

congestion versus responses to increased capacity. An application

possibility of a |ongitudi nal panel survey would be either in a

case study context where capacity is being increased or perhaps

under a situation of worsening congestion where the way peopl e

adj ust to worsening congestion is anal yzed over a period of tine.
Both reveal ed preference and stated preference can be neasured

with a panel. A word of caution is necessary, because reveal ed
preference (i.e., what people actually do) provides neasures of
changes in actual behavior. |If only one elenent of the

transportation system for exanple, is being inproved, stated
preference is not enlightening, except that it reveals sonething
about the stability of those stated preferences, as no other |ong-
termdynamc, or inprovenent, is occurring. Wth stated prefer-
ence, different measures are considered each tine the panel is
approached. In a case study context, it is necessary to select the
panel before there is a capacity increase so a before survey can be
conduct ed. Repeated measurenents by the panel in the "after”
period are needed. If this is conducted under worseni ng congestion,
a series of panel surveys under gradually worseni ng congestion is
needed.

Anot her consideration will be to | ook at pairing |ocations.
One inportant aspect is the context w thin which househol ds
operate. The pairing takes place by considering househol ds of
simlar sized urban areas, denopgraphics, and relationships to the
transportati on system and congestion. That enables the planner to
do pair-w se neasurenent, particularly if the levels of congestion
inthe two locations are significantly different. Perhaps the
congestion rate is significantly different. 1t raises sone very
interesting issues about the ability to measure differences anong
sim lar groups of househol ds under differing conditions of
congesti on.

Sone strengths of panel surveys are that the panels do not
need to be inclusive of all avail abl e denmographi c groups.
Intelligent sanpling anmong denographi c groups can be conducted to
obt ai n useful and val uabl e information by concentrating on certain
subgroups of the population. |Issues to deal with in any |ongi-
tudi nal panel survey are replacenment of panel nenbers and
mai ntai ning the interest and conpletion rates on surveys of panel
menbers, particularly if it will be necessary to go back to them
frequently for measurenent.

To conduct a panel survey wi a case study context requires a
control location. AR that is acconplished by applying the panel to
the case study is inproving the precision neasurenent of change within
the case study location; it still does not provide information as
to what type of change may have taken place in household behavior
if the capacity increasing project had not been built. The pane
study and any of these studies except the stated preference, wll
requi re conprehensive nonitoring of the transportation system
per formance; and not nmuch is known about how to neasure performance
in many of these instances. Assunptions can be nade as to the sort
of inpact that will occur in terns of the performance on the
system but this does not provide for the exact measurenent for
that performance. There is a challenge, therefore, as to exactly
how to nonitor transportation performance in relation to any
reveal ed preference study which is dependent upon either worsening
congestion or a capacity increase. The panel survey, to a |large
extent, becomes much nmore applicable to residents to enployers,
al t hough there is sone potential to get a few notivated enpl oyers



i nvolved in a panel. This may have inplications for future
corporate decisions, depending upon the local situation within an
urbani zed area and the interest that can be created anong the group
of enployers to be involved in an exercise of this type

Havi ng consi dered these three categories of nmeasurenent, it is
i nportant to consider a conprehensive strategy which includes el e-
ments of all of these different pieces - focus groups, reveal ed
preference, stated preference, and |ongitudi nal panels. These
el ements need to be conbined into a conprehensive strategy
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for an experinental design. Specifically, a conprehensive strategy
coul d be devel oped using two | ongitudi nal panels, one of residents
and one of enployers. The |ongitudinal panel of residents would
i ncl ude a survey of denographics and characteristics of residents
and their househol ds, a stated preference survey, and a multi-day
activity diary at the outset so both stated and reveal ed
preferences can be nmeasured. It would also be inportant to con-
tinue the panel wi th updates of the denographics and
characteristics of the household. Certainly there would be repeats
of sone portion or the entirety of the multi-day activity diary and
possi bly sone other elenents of a stated preference survey which
m ght be conducted on a periodic basis. Assum ng that a nunber of
conpani es within the targeted urban areas woul d want to be
i nvol ved, a longitudinal panel of enployers could be created to
conduct a survey of firmand site characteristics, undertake a
stated preference survey on the location of the firmat the preset
time, and conduct a reveal ed preference survey on responses to con-
gestion or to capacity increase. Mich of the work woul d be done
using face-to-face interviews, which are very effective and
general ly i nexpensive, with a sanple of enployers. A conprehensive
system perfornmance survey woul d be conducted each subsequent time
the panel is utilized

This is the beginning of a concept of an experinental design
that can be initiated and | eads to a few concl usions about the
obj ectives of experinental design. First, fromthis cursory | ook
at met hods of neasurement it is obvious that a nulti-year
| ongi tudinal study is required. Also, a case study is not
necessarily beneficial; it may have so many conplexities that it
may not serve the purposes of g to denonstrate what happens when a
capacity-increasing project is constructed. The experinmental de-
sign, however, should use nmultiple |ocations, should have
conpr ehensi ve perfornmance neasurenments, and shoul d i ncl ude
enpl oyers, residents, and devel opers in the sanples. The design of
all surveys should be preceded with focus groups. It seens that
the ideal would be to conbine reveal ed and stated preference sur-
veys with the use of panels. Longitudinal panels offer many
advantages in their precision of measurenment and the types of
information that can be gained fromthe study. Al of this is just
a begi nning, however, in formng an experinmental design

Open Di scussi on

The di scussion began with a question about how the focus group
and | ongi tudi nal approach would predict a change in |land use as a
result of added transportation capacity. The reply was that these
met hods will provide neasurenents fromresponses by enpl oyers and
devel opers about how firnms decide to relocate or how devel opers
deci de to develop or redevel op an area based on changes in
transportation capacity. These responses will not provide the
basis for mathematical nodels but will hel p answer questions such



as which changes in |land use really do take place and whi ch changes
are | arge enough to be concerned about. Once significant changes
have been determ ned, the quantification issue can be addressed.
The focus group, therefore, is a good starting point to find out
what people are responding to. Is it travel tinme, or is it system
unreliability?

One partici pant suggested that the phenonmenon of change is so
conplex that it would be inpossible to renove it fromthe framework
of conputer nodels and conputer simulations. The data fromthe
focus group can then be viewed as a section of the nodel or
simul ati on which can be incorporated into the whole. The goal is
to understand the individual phenonenon and use it as a reasonable
simul ation of the urban space. Another participant agreed that
panel data can support |arger nodels, but these nodels mnight be
very different fromthe traditional ones in use now.

It was then suggested that in terns of stated preferences of
enpl oyers, it was effective to ask only that they rank, in order,
the issues
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related to their location or to devel opnent decisions. There was
agreenent that if a relevant issue was presented to enpl oyers, they
woul d be forthcoming with their concerns. U ban area congestion is
one exanple of an issue that is always of concern to employers and
devel opers.

The rank ordering question describes the attitudi nal survey,
it was suggested. A second question could then be asked of the
panel regarding what issues mght |ead individual panel nmenmbers to
change where they |l ocate or develop. It mght be tax increases or
it mght be congestion. Congestion affects the ability of a firm
to market and deliver goods, as well as its accessibility to the
enpl oyee base. The issue of novenment of goods as conpared to
people is an inportant one. Certain firnms in a panel may be nore
sensitive to goods novenent and del ays as conpared to enpl oyee
access.

The comment was nade that it was extrenely useful to do pane
surveys in a variety of cities and comunities. It was expressed
that one of the major flaws in nodels devel oped in the United
States is that data have not been collected over the |ast 20 years
in nmost communities. The panel methodol ogy for data collection is
a good place to focus resources to support the evaluation of added
capacity, induced travel, the effectiveness of TDM neasures, and
the effect of changi ng urban design

Several coments were then made regarding the makeup of the

panel. It is inportant, it was stated, to increase the size of
panel over time. New househol ds need to added and househol ds t hat
nove need to retained in the panel population. Frequently, i was
not ed, panel nenbers were dropped soon as nove out of the region
It i inportant, however, to retain themafter nove in order to find

out what changes a made and how behavi ors change in the |ocation
The exanpl e was offered of househol d sanples in the Netherl ands
that grew from 20 nmunicipalities to over 100 as a result of
househol d rel ocati ons.

The issue of what constitutes long termregard to a long-term
panel study was raised, and the reply was that there may not be a
definitive answer. It should be at |east several years, was one
suggestion; the |longer the panel is active, the nore data can be
col l ected, which suggests that there is no definitive cut off
point, either. The related issue of when results can be expected
to appear was then raised. The consensus was that neasurenents can
be taken as soon as the second set of interviews with the panel is



conducted. This m ght be as short a time period as one year if
annual surveys are conducted. An inportant issue related to the
timng of results is cost, which is dependent on the nunber of

| ocati ons, sanple size, and how many denographi ¢ groups of
househol ds are required.

Several observations were presented fromthe | and devel opnent
poi nt of view as opposed to that of the transportation planner
First, it is difficult for people to visualize a future condition
especially if this condition will affect their behavior or attitude
in sone way. This presents a problem if the change is sinple, it
may be neani ngless; if the change is conplex, the sanple popul ation
may be unable to visualize it. A second problemis that people are
willing to provide a response as long as it does not cost them
anything. Preferences will be forthcom ng as long as a specific
cost is tied to the change. Answers and stated preferences may be
valid only as long as there is no change; however, change does
occur and it occurs rapidly, creating problens for the validity of
panel results.

One response to the visualization problemis video technol ogy
used to represent alternatives and change. This technique is being
used nore frequently, and it gives the panel a conceptual sense of
the alternatives to consider

One partici pant asked whet her market research organi zations
coul d be used to provide panels and househol d sanpl es for the Kkinds
of questions being considered regardi ng capacity changes. It was
suggested that while many conpani es have established panels for
mar ket research, they are expensive to access; and the respondents
are often rotated as fre-
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guently as every three years. Increasing the nunber and types of
guestions presented to an existing panel causes fatigue and

i nfluences all the responses, nmaking the market research or-

gani zations hesitant to assune additional clients.

The question was raised as to whether the information and
deci si ons based on panel data woul d be enough to satisfy a court.
The answer is, probably not, the first goal of the panel, however,
was to determ ne which changes in capacity would be significant
enough to warrant quantification efforts. Specific information
about the effect of added capacity should not be the entire purpose
of the panel approach. However, after a period of 10 years, there
woul d probably be enough information fromthe panel that statenents
about the effects of capacity could be supported.

One participant asked if the panel approach was relevant to
bef ore- and-after studies. Considering what has been nentioned
regardi ng what can and cannot be neasured (i.e., the reversibility
bet ween i ncreasi ng congestion and i ncreasing capacity) the pane
approach woul d be relevant to these studies. Ildeally, at some
point in the future, one of the |locations covered in the pane
woul d actually show an increase in capacity so the effect after the
addition could be studied. An inportant point keep in mnd,
however, is that some panel nenbers m ght never be affected by the
addi tion of capacity.

Several participants then nmade comments on case study design
One of the problens associated with case studies is the tendency to
focus on only one case study and assune that it is sufficient. It
is difficult to generalize the data collected froma case study.
The need was stressed for using a systematic case study design
involving multiple case studies. This approach involves nore
choosing a single case or even five random cases as representative.
Cluster analysis and the devel opnent of typol ogi es m ght be useful



approaches to this problem There are also difficulties in doing
an adequate job of data collection. For exanple, nmajor investnents
are being made in intelligent vehicle highway system () research on
real time information systens; but the majority of cities do not
keep their traffic signals tinmed. Another problemis the limted
avai l abl e data on parallel routes. ldentifying routes and col -
l ecting these data for conparison are expensive. Conceptualizing
the data collection schene is another problem as is maintaining
the data over the lifetime of the project until there is sonething
substantial to anal yze.

An additional problemis present in before-and-after studies.
Land devel opnent encourages | ong-range antici patory devel oprnent, or
t hat devel opnent that is spurred by the anticipation of added
capacity or new devel opnent. The Bay Area Rapid Transit system was
di scussed for 20 years before construction was started, which
encouraged this anticipatory devel opnment. No data collection was
done that considered this phenonenon

Concl udi ng comments were made that first encouraged the use of
case studies, attitudinal and preferential surveys, and |ongitudi-
nal panel surveys in devel oping a basic social science research
nmet hod to approach the question of added capacity inpacts. In
light of the larger research questions that are being asked, these
appr oaches shoul d be considered to be sure they are cost effective.
They may be only one part of a larger, |ong-termresearch agenda

Finally, it was suggested that the purpose of these approaches
is to gain a better understanding of reality. Once this
understanding is developed, it will be possible to nake better
estimates of travel denand.
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C osing Di scussion
In conclusion, the participants reiterated the major research

concerns and of fered suggestions for further research. The broad

research agenda was discussed as well as specific ideas and
possi bl e solutions to questions raised regarding the effects of
added transportation capacity. These suggestions were of fered:

- The overall research agenda should hel p quantify the exact
nature of the known and unknown induced travel denands
associated with increased hi ghway capacity. Defining
"induced” will be inportant for further research and
conpl i ance i ssues.

- There should be a focus on short-run nodeling in the research
agenda. Ceographic information systens (@S) nmay be able to
Support better forecasting procedures and shoul d be
consi der ed.

- More and better data should be collected at the netropolitan
level. This research will support vol une delay rel ationships
and some of the major inputs to air quality forecasting.

H storical socioecononic data as far back as 1960 need to be
collected to deternmine the effectiveness of forecasts now and
in the future.

- Data shoul d be collected on non-hone based travel. The link
bet ween how a person arrives at work and what kind of non-
honebased trips are conducted (during the m dday, for exanple)
needs to be exam ned.

- New vari abl es need to be introduced into the travel dermand
nodel s. The possibility of using additional denographic vari-
abl es that influence travel behavior shoul d be researched.



Sone suggestions include |licensed drivers, vehicle ownership
and i ncone, and the proportion of the population living in
mul tiple versus single dwelling units.

Sone of the new variables will be difficult to forecast.
First, it will be necessary to determ ne whi ch i ndependent
variables are critical to a greater understanding of the issue
of added capacity. Wen new vari abl es have been specifi ed,
such as internal household details, the ability to forecast
them accurately is the next step. * The necessity of including
busi ness | ocati on deci sions and busi ness | ogi stics con-
siderations in the research agenda was supported. Mbodeling
al so needs to consider freight novenent and its inpact on
transportation capacity and travel denand.

An effort should be nmade to nodel all trips within a
transportation system not only the notorized trips. A
househol d travel, including walking trips, needs to be
addressed as do non- honebased wal king trips.

Better nodels will be the result of a better understandi ng of
travel behavior. It is inportant to develop a nodel which is
both a practical and a reasonable representation of reality.
The inpact of inter-metropolitan travel, such as that
generated by airports, needs to be included in the research
agenda. |ssues that should be addressed include how nmany
trips are generated to and fromairports, and can this trave
behavi or be docunent ed.

An effort should be nmade to conduct nore | ong-range back-
casting to determ ne how effective transportation and | and use
nodel s have been. Transferring case-specific nodels from one
| ocation to another and then testing for validity should al so
be consi der ed.

Many issues of |and use policy and | and econonics need to be
included in future transportation nodels. How can growth
managenent and growth control neasures be represented in
nodeling land availability and | and price? A question of how
to reflect the capitalization of transit and transportation
investments in | and use nodels was al so rai sed.
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Housi ng preferences by denpgraphic group, both current and
projected, need to be included in future nodels. The decline
inreal incomes in the United States will have significant

i mpacts on |land use and transportation in the future.

Better autonobile ownership forecasting nodels that are
sensitive to changes in the price of autonobiles, income, and
transit availability need to be devel oped. The inpact of
transit stations on autonobile ownership should al so be
consi der ed.

A critical elenment in the research agenda should be the issue
of nmodel validation. It is inportant to maintain the urban
area dat abase over time to be able to validate any nodel

A suggestion was nmade that the research agenda be conducted in
phases. First, it is inportant to support the four-step
process and enhance it by inproving the data applied to it.
New el ements need to be added in the areas of |and use,
freight, travel demand management, and coastal processing
activities. Research should also be conducted in the
application of case studies and panel surveys. Second, najor
nodi fi cati ons should then be made in the nodeling system
This may be a 10-year agenda item The third phase nay be a
conpl ete overhaul or replacenment of the four-step process.
The final suggestion submitted was that the environnment for



research and i nnovati on needs to be supported because nuch of

the research will take place outside the federal level. MPGs
and consul tant studies may provide nuch of the suggested
resear ch.
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The Travel Effects of Added
Transportation Capacity

Gordon Shunk
Texas Transportation Institute

For some tine transportation professionals and the comunity at

| arge have recogni zed that traffic fills new roadways as soon as
they are built. The commonly held belief has been that additiona
traffic was nerely diverted fromother facilities. However,
transportati on professional s have understood that sone of that
traffic may be new, induced by the inproved | evels of service where
capacity was added. This and other potential effects of added
transportation capacity have been largely ignored in the past as
i nsignificant, but are gai ning new prom nence because of their

i nportance for air quality assessnent, congestion managenent, and
growt h managenent .

Four types of effects that result from adding transportation
capacity are especially inportant. Transportation anal yses shoul d
careful ly consider the possible occurrence and potential extent of
the followi ng effects of added transportati on capacity:

- Additional Trips: New vehicle trips not nmade previously

because of the difficulty or time required for travel are a

| atent demand that may be stinmulated by an inproved | evel of

servi ce.
- Longer Trips: When capacity is added, speeds nmay increase, and
agiven trip my take less tine it had previously. |If this

occurs, the tine saved may be spent making |longer trips, such
as to a further destination

- Mode Shift: The possible reduction in travel tinme due to a
capacity inprovenent may attract people that previously used
anot her node, such as transit or ridesharing, because of a
change in travel tinme advantage.

- New Devel opnent An increased potential for new devel opnent may
result if travel times decrease. People willing to trave
greater distances may sel ect residential, enployment, or other
activity locations that previously had required too much
travel time to reach. This may generate new devel opnent and
| onger trips.

Effects on Air Quality



The concern with travel effects has been stinulated by the
1990 d ean Air Act Amendnents which require assessing the effects
of transportation inprovenments on air quality. The question being
rai sed i s whether adding capacity is increasing, rather reducing,
air pollution. Current transportation planning practice generally
assunes that adding transportation capacity relieves congestion
reduces delay, permts travel at nore efficient speeds, and,
therefore, reduces air polluting em ssions.

Few (if any) existing trip generation nodels consider the
ef fects of added capacity to stinulate new travel. The effects of
increased trip distance and node shift nay be accomvodat ed by
current travel forecasting and growth allocation nodel s.

It is clear, however, fromrecent |egal proceedi ngs that
busi ness-as-usual for assessing the effects of roadway inprovenents
on air quality will no | onger be acceptable. Future air quality
assessments will have to determ ne whether the potential em ssions
reductions attributable to inproved speeds and delay will exceed
the additional em ssions reductions generated by induced traffic.
This poses the possibility that all traditional trip generation
nodel s, and perhaps other nodels as well, may need to
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be revised. It is critically inportant to increase understandi ng
of the effects of added capacity on all aspects of travel and to
decide if and what inprovenents to forecasting procedures are
necessary in order to accurately assess the air quality effects of
added transportati on capacity.

Ef fects on Devel opnent Patterns

Capacity inprovenents nmay al so have inportant effects for
devel opnent. The added capacity may permit increased speeds and
lower travel tinmes, enabling greater travel distances in a given
amount of time. That, in turn, may open new areas for potentia
devel opnent beyond previous limts inplied by acceptable trave
times. The effect of inproved travel conditions on devel opnent
potential may be acconmodated by current devel opnent all ocation
nodel s.

New out | yi ng devel opments may eventual |y generate |onger trips
to and fromcurrently devel oped areas. Those |onger trips may pro-
duce nore vehicle mles of travel (VMI) which, even if travel ed at
nore efficient s, may produce nore air polluting em ssions were
reduced by the capacity additions.

G owm h managenent strategies that force or permt outlying
devel opnent may have the same effect on air quality as added
capacity. Localities inplementing such strategies need to confirm
these effects to assure that their control prograns are not
reinforcing potential air quality problens that nay be created by
capacity inprovenents.

Much of this argunent is conjecture, so it is especially
i mportant to gain a clearer understanding of the interaction of
capacity additions and growth managenment and their effects on
devel opnent and, in turn, the secondary effects of devel opment on
traffic and air quality. these issues nust be carefully exam ned
in order to assure that the potential developnent and air quality
ef fects of adding capacity have been consi dered.

Effects on Traffic Congestion
Current administration proposals for the federa
transportation reauthorization would require that states and | oca



conmuni ties establish congestion managenent prograns. The
princi pal goal of such programs would be to reduce notor vehicle
travel. The potential traffic-inducing effects of capacity
i nprovenents woul d appear to be counter to that goal. Therefore
it is inmportant to understand how these two potentially
contradi ctory actions function in order to design themto work
t oget her.

Addi ng capacity could be one of the nore powerful actions in
t he congesti on managenent strategy, but how congesti on managemnent
progranms can nmake the best use of additional capacity nust be
determ ned. Designing effective congestion nmanagenent prograns
will require an accurate understanding of the nature of traffic
usi ng i nproved roadways, particularly the additional trave
that may result.

Candi dat e | nprovenents

The capacity inmprovenments nmost |likely to produce the kinds of
effects discussed here are new construction on new | ocati on and
maj or capacity additions to principal arterial roadways and
freeways. Those mmjor inprovenents seem ngly have sufficient
potential to induce enough new travel to counteract the antici pated
benefits of the capacity inprovenent. Mijor transit facility
i nprovenments may al so denonstrate the effects of interest by di-
verting traffic fromroadways, thereby inproving the |evel of
service on those roadways and inducing new traffic.

I nvestigative Strategy

Careful exami nation is needed to identify the potential
effects of major capacity inprovenents and to determ ne why and how
those effects occur. Such an investigation would exam ne the
nature and general magnitude of the hypothesized effects in order
to determne if
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they are sufficiently inportant for further, nore detail ed study.
Thi s approach will serve to increase understandi ng about those

i npacts anong the transportation profession, the affected agencies,
the respective adm nistration, and the community at large. Such an
approach will provide gui dance for |local, state, and federa

of ficials concerned with transportation inpacts and will be a basis
for possible future action to address associ ated probl ens.

The initial exam nation will be conducted by a panel of
nationally recogni zed professionals, experienced with the effects
of interest and with the forecasting procedures that will be
required to estimate those effects. That panel will consider the
current state of the art and practice for understandi ng such
effects and will identify causes and neasures of those effects.

The panel will address the probl ens associated with estimting such

ef fects, exam ne the nature and severity of those problens, and

propose strategies for dealing with them The questions to be

addressed by the panel would include the foll ow ng:

- VWhat kinds of transportation inprovenents may have the effects
of interest?

- VWat effect nmay be anticipated fromthose i nprovenents?

- VWhat docunented evidence is there to support or deny the
occurrence of such effects?

- What do we know not know about such effects?

- VWat do we need to know about effects on travel, congestion
air quality or devel opnent?



- Is there a need for enpirical validation of such effects and
their causes?
- How coul d such effects be estimated?
- VWhat probl enms may be encountered in obtaining those estimates?
- VWhat inprovenents may be needed in forecasting procedures to
acconmpdat e t hose effects?
In summary, the proposed investigation should identify the
possi bl e effects of transportation capacity inprovenents, which
i nprovenents nmay have which effects, how those effects may occur,
how t hey m ght be forecast, and how pl anni ng and forecasting
procedures mght be nodified to nore accurately reflect such
possi bl e effects.
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Transportation I nvestnment and Metropolitan Econom c Devel opnent: A
Reconnai ssance of Research Availability and Requirenents

Al an E. Pisarsk

Pur poses

Thi s reconnai ssance exam nes the research literature avail able
to support a study of the formative effects of transportation
i nvestnments in shaping and stinulating urban growh. Its purpose
is to establish whether that body of literature is sufficient in
depth and scope to permit a research programto be undertaken that
woul d be a definitive synthesis and extension of current
under standi ng of the relationship between transportation facilities
i nvestments and metropolitan growh and form

The primary focus of the assessnent is on relatively recent,
| arge-scale transit investnents and their formative effects. Oher
forms of investment, particularly those predomnantly oriented to
passenger travel (that is, highways and aviation), are also
considered. The interest in transit has two elenments: in many
i nstances, a part of the rationale and justification for transit
investnment lies in its presuned power to formland uses nore
conpactly; further, the allied case has been made for the need to
formland uses nore densely in order to create nore successfu
markets for transit service. In either case, the |inkages between
transit investnment and devel opment need to be better understood.

Conceptual Structure

This topic has a nunber of intellectual antecedents drawn from
geogr aphi ¢ theory, sociology, |ogistics, and mcro-and macro-
econom ¢ anal yses that need to be better defined and focused in
order to make the current assessnment nore effective. These are
briefly treated bel ow

The Formative Power of Transportation

The nost fundamental explanations of cities, their |ocation
scale, and growh strongly enphasize the formative power of
transportation. Perhaps only defensibility had simlar explanatory
power when |large walls were still mgjor factors in mlitary
conflicts. Cities often grew up around those points where
i nternodal exchanges of people and goods occurred fords of rivers
and streans, confluences of rivers, end points of navigabl e bodies
of water, natural harbors, etc.



In the nodemera nore "artificial" (i.e., man-nmade factors)
have played a potentially simlar formative role. For exanple,
railroad termnals and stations, although thenselves often
det erm ned by geographic factors, al so provided options for man-
made determ nation of preferred |ocations. (Mich has been made of
t he power of water resupply points needed to keep | oconotives
novi ng across Anerica's west as a creator of towns and cities. In
this case, towns were a product of the technol ogically determ ned
range of the |oconotive.) Later, the power of urban transit
facilities and highway interchanges to open new | and to devel opnent
and to focus growt h have becone part of the popul ar under st andi ng.

A major consideration is that in this new era, human deci sions
play a far greater role than in previous tinmes when natura
determ nants were key. This apparent power to formgrowh
rai ses social, economc, and political questions. Public policy
becones critical. The forces involved - their power and
inplications - need to be better understood if we are to have the
ability to control devel opnent.
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Al t hough understood, it is less clear that this power to
i nfl uence devel opnent is direct, neasurable, and controllable. The
power to control adds significant burdens to fully understand the
effects of that power. The present study focuses on better
under st andi ng of that power.

Docunent i ng Economi ¢ Devel opnent - An Anal ogy
One of the dil emmas anong transportation professionals

regarding this subject is the lack of precision in our ability to

explain in economc terns exactly what it is that we wish to

nmeasure and understand. The science of econonics seens to have a

rigorous structure in which these topics are treated, but none that

are fully satisfying to transportation practitioners. Attenpts to
squeeze the subject into accepted nodes of econom c anal ysis have

| ed to m sunderstandi ng and confusi on.

Per haps an anal ogy is appropriate to help isolate the point at
issue, if we focus on education, rather than transportation. An
attenpt to document the econom c effects of education would lead in
certain predictabl e paths:

- The construction of schools and col |l eges can be nmeasured in
terms of dollars spent and resources consuned. The effects on
the econony in ternms of people enpl oyed, wages paid, materials
used, and tax budgets can be docunented to any degree of
preci si on.

- Al so, the "going concern” effects can be treated. Enpl oynent
in the school industry can be neasured: teachers, adm nis-
trators, bus drivers, etc. Total wages, taxes paid, shares of
t he econony, etc., by the school industry are determ nable.
Multipliers can be used to assess the further downstream
econom c effects of the monies put into the econom c system
Nei t her of these perspectives is the subject of this

undertaki ng. Wdrth knowi ng? Yes, but not the current topic. Most

significantly, no public official in his right m nd would use these
econom ¢ argunents to make the case for a bigger education budget,
but they are the standard basis for transportati on spendi ng
justifications.

Finally, the central matter of interest is left to be treated, and

that is education. What difference does education make? How does

the level and nature of education in the |abor force affect the

rel ati ve econoni ¢ advant age of one place over another? How does it



benefit our society? Does the presence of a university and its
research facilities and faculty affect the econom c power of one
pl ace over another? How? Can we quantify these forces, and nore
i mportantly, make themwork for us?

The hoped-for anal ogy here is between the thing achi eved by
the education industry know edge - and the thing achi eved by the
transportation industry - mobility and accessibility. It is not
the dollars spent in building a subway that is the subject or the
econom c effects of the enployment of a segnment of the popul ation
inthe transit business. Rather, it is the change wought by the
power of transit to provide segnments of the popul ation with access
to certain places differentially or its ability to raise the
anbi ent level of nobility for everyone. To understand that and to
quantify it is the purpose. It answers the question: Wat is
transportati on worth?

Redi stribution Versus G owth

One issue that causes confusion and argunment concerning
devel opnent effects of transportation investnents is the
di stinction between real, new y-created devel opnent effects of in-
vestments and nerely redistributed devel opnent. There are two
elenments to this issue that warrant discussion

First, the conflict over new versus redistributed devel opnent
contains elements of circular reasoning. It is sonewhat dependent
on the eye of the beholder, i.e., the span of ownership or
jurisdiction of those affected by the change. The geographic
| ocation of the site for devel opment will be redistributive or new
dependi ng on the geographi c range of comnpeting
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alternative sites. |If a new baseball stadiumis located in the
north of a county instead of the south, it will be "new' for the
northern part of the county. It mght be seen as redistributive in
the county if there was no i ssue of possible |ocation outside the
county. In the region at large it nost likely would be seen as
redistributive. Nationally, it would be a zero-sumgane - a gain
in one place versus an equal |oss sonewhere else - with no likely
signi ficance.

If a metropolitan area is conpeting with other areas for a
ball teamor an assenbly plant, its selection as the site is a new
devel opnent to the area. Again, the state mght see this as nerely
redistributive if all the alternative sites were within the state.

Utimately, one mght see even national trade consequences as
nmere redistributions between the U.S. and its foreign conpetitors
in a global sense. "New' then would exclusively mean adding to the
world's gross product. It nust be recogni zed that fortunes are
made and | ost by nere redistributions of economc activities and
that every redistribution has both real and new econonic
consequences for somneone.

The second elenment is that in sonme cases redistribution may be
the goal. The location of transport facilities in order to
redistribute activities, to change the density of devel opnent, and
to re-aggregate certain | and uses, may be a conscious policy or

intent of a developnment plan. 1In this case the issue is not on the
conpetition of who is to be the beneficiary of new devel opnent, but
rather the net overall benefits expected fromredistribution. 1In

t he basebal |l exanple, the placenent of the stadiumin the northern
segnment of the county may be a matter of interest to public policy
because of the county's interest in concentrating devel opnent in

that area or avoi ding other areas because of environnental concerns

or traffic conflicts, rather any concern about |ocational conpetition



Thi s second point raises key issues for the transportation
profession. Public policy may focus on nmere redistribution but
must recognize that its policies are creating wi nners and | osers.
Public policy generates real, new econom c effects on soneone.

Al so, beyond econom c winners and losers as the result of siting
choi ces, the conscious redistribution of |land uses into differing
configurations and densities causes very broad, only partially
under st ood, social and economc effects on residents, enployers,
and visitors that go well beyond the public service costs invol ved.
These must be better understood and nore fully incorporated into
the cal culus of the effects of |and use policy choices.

New Economic Realities
The cl assic concepts that have gui ded urban theory make

extensi ve use of the power of logistics costs in affecting human

settlements, as noted earlier. This focus is fundanentally
oriented to the novenent of goods and resources rather than the
novenent of people. Two sets of questions arise:

- VWhat about the novenent of people: How does this affect urban
devel opnent ? Are goods novenents really nore inportant? \Wat
about just-in-time for people? Is raising the general |evel of
anbient nobility in a region a significant factor in at-
tracti ng new devel opment or retaining it? Does it
contribute to regional conparative econom c advant age? Wat
about the power of new investnent in an already mobility-rich
environment? Can it still have significant |and-form ng power?

- VWhat about the new economic structure of contenporary society
with its orientation towards services, marketing, high val ue
goods, high speed delivery systens, etc.? How does this affect
the power of transportation to influence devel oprent ?

G assical logistics arguments seemto be highly dependent on
i ndustrially-1linked economes, with their focus on coal and
steel flows, etc. What is their utility in a post-industria
soci ety? Industrial |ogistics theory explained Pittsburgh
Detroit,
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and Chicago. Are new theories or new applications of old theories
required to explain Olando, Phoenix, and San Jose? A useful
research effort in this area nust be responsive to these areas of
concer n.

Background and Literature Review
The first difficulty in treating this subject area is in
knowi ng what to call it. At least part of the research probl em of
the transportation sector in this area is the |lack of a shared
termnology for the matters of interest. The literature review can
range over the topics of econonic devel opnent, |and-use
devel opnent, inpact analysis, efficiency studies, netropolitan
pl anni ng, and nodel i ng, but extends nuch further into sociol ogical,
geographic, and economc literature. A nunber of studies provide
extensive listings and reviews of some of the diverse literature
avai l able. Many of these studies discuss this same concern for a
better term nology with which to structure these investigations.
Furt her problens evolve fromthe unclear character of the
econom c effects that are being studied. The general tendency has
often been to focus on the inpacts of the expenditures nmade on
transportation facilities or the effects of economic activities
that go on within these facilities rather the econom c influences



that flow fromthe nobility and accessibility benefits provided by
the investnent in these facilities. These are variously divided
into direct, indirect, or induced influences or into primry and
secondary imnpacts (MLeod, PIAT).

A branch of the topic raises interesting issues of
perspective. Rather than exam ning the econom c effects of
prospective investnents as an inpacts issue, a DOl study |ooks at
transportation investnments as potential tools in a devel opnent
strategy for a community intent on achi eving econoni c devel oprent
expansi on (National Council for Urban Econom c Devel opment). This
study raises inportant questions about the cost-effectiveness of
using transport investnment as a tool of econom c devel oprent

strategies. Mich of the European experience would fall into this
category.

The Transportati on Research Board Wi ansburg Conference on
Economi ¢ Devel oprment rai sed many of these same issues. |Its report

will be very valuable to this subject. A paper presented treats
the inmportant questions of the influence of transportation
i nvestnment in the new econonmic environment (Bell). The paper makes
the key observation that transportation bottlenecks are still
crucial in that current industries may be just as dependent on
effective transportation as those in the past (e.g., American
Express versus U S. Steel), but the new industry is nore flexible
inthat it is nore able to relocate in search of inproved mobility
or other anenities. First, it is leaving only office space behind
rather an inmmense investnent in facilities; second, its needs are
nore generally avail able: a good airport, good general | ocal
mobi lity, and good hi ghway access versus a port of required depth,
doubl e-track rail yards, etc. (the recent nmove of AAA from
Washi ngton to Florida is instructive).

Part of the problemis that the purposes of many of the
anal yses performed as general studies or specific project studies
vary consi derably and, thus, nodify the scope and rigor of
undertaki ngs. Many such studies are promptional in nature, intent
on maxi m zi ng expected positive effects to attract investors or
public support, which affects both their validity and their
utility. Such studies rarely exhibit an interest in retrospective
tests of the original assertions concerning prospective inpacts and
are of little value. Only the major before and after studies of
transit properties and a few others have been effective in
over com ng t hese weaknesses.

Transit Studies

The dominant efforts in transit studies are those that
centered around the building of the major rail rapid transit
systens in the San Franci sco, Washington, D.C., and Atlanta areas
(Rail Transit Inpact Studies, DOT). These were generally |arge
scal e, extensively funded, multiyear efforts that expressly
i ncorporated a be-
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fore-and-after format. |n each case, particularly in San Franci sco
and Washington, D.C., an extensive body of literature was devel oped
over several years. Only the Bay Area Rapid Transit System (BART)
study came to a defined conclusion. Washington, D.C. Metro and
BART began anbitiously but slowy faded due to a | ack of sustained

financial support. |In many respects these were ground-breaking
ef forts devel opi ng new net hods and new perspectives on the
character of transit inpacts. |In several instances this work has

been expanded on and added to over the years since the major



efforts concl uded.

A question can be raised as to why heavy focus was placed on

i npacts analysis in the transit sector without simlar concern for

before and after treatnment in the highway and air sectors. There

are several possible explanations:

- Transit undertakings were very large scale in dollar terns and
their supporting denmand was prinmarily prospective. Scrutiny
was, therefore, extensive.

- Transit undertaki ngs were system devel opnent events rather
simply single facility devel opnment efforts. Their prospective
effects were, therefore, regi onw de

- Transit undertakings came at a time when concerns about the
i npacts of public investnents, both positive and negati ve,
were very high. The trend of the tines was to do |large scale
studies as we learned howto treat these questions. For
i nstance, the Metropolitan Atlanta Rapid Transit Authority
(MARTA) programin Atlanta conducted the first systemw de
envi ronment al i mpact st udy.

- Part of the rationale and justification of these facilities
and other transit undertaki ngs were based on prospective
devel opnent effects and influences on urban form It was
appropriate to assess their effectiveness in achieving those
ends by studying their after-effects. Many saw these early
undertakings as the first of a |l arge nunber of prospective
heavy rail building prograns in other cities to follow Their
success or failure in justifying thensel ves on the grounds of
i nfl uenci ng devel opment trends woul d be a significant factor
in maki ng the case for the entire national program

BART | npact

The BART | npact study programwas a mnaj or conprehensive study
of the effects of the Bay Area Rapid Transit systemas it devel oped
in the San Francisco area in 1972-1974. The inpact study was
organi zed in 1972 under federal auspices and conpleted in 1978,
about five years after the inauguration of BART service.

Two el enents of the study are pertinent to the current
research: "Land Use and Urban Devel opnment |npacts of BART, " Apri
1979 and "The Inpact of BART on Econom cs and Finance, " Decenber 1979.

The maj or BART findings established the baseline for studies
of transit |and devel opnent inpacts conducted later. The study
establi shed that BART' s greatest strength was in generating
advant age for |ong distance suburban-to-center trips with
particul ar enphasis on weekday peak-period travel, nore like a
conmuter rail systemthan a traditional subway system Overall
the fundanmental finding in regard to | and devel opnent was that BART
has affected | and uses only when supportive conditions - such as
zoni ng provisions, community support, and market demand - are

present. In the absence of a supportive environnent for |and-use
changes, the systemhas had little influence.” In sonme cases its
effect was that of". . . coal escing anti-devel opnent sentinment in

the communities. BART has not reversed declining market trends or

initiated devel opnents in areas where demand for new devel opnents

are absent." It was found that BART's nost notable inpacts were in

the downtown Market Street area. The influence was seen as nore

indirect than direct. Qher key points were:

- Ri dership and other effects were |ess than expected, primarily
because final system
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service levels were considerably | ess than pl anned.



- The economic growth of the area as a whol e has not been
af fected by BART. "BART generated very little of the mgjor
regi onal economic benefits expected by its proponents.”

- The system has encouraged a city-centered concentration of
activities and it has provided access to a larger work force
inits service area

- BART played a limted role in new suburban devel oprent .

Enpl oyees seenmed to consider BART's availability in evaluating
enpl oyment options but enployers' |ocation decisions seened
little affected by BART' s service availability.

- There is no evidence that BART had a permanent inpact on
property prices or rents.

- "It is too early to determ ne what BART' s ultinmate inpacts
m ght be. "

Di scussions with MIC staff indicate that little is currently being

done in the area of BART assessnent. The recent fifteenth

anni versary of the system generated only anecdotal retrospective

material (Markowitz).

Metro | npact

The Metro Impact study covered an array of inpacts of the new
transit systemfrom 1976 to 1985. Most of the study was focused
from 1976 to 1982 which is too short termfor assessing devel opnent
changes. Early devel opnent inpact anal yses identified substantia
grom h in new fl oor space in alnost all |and use categories around
Metro stations. About half of regional conmercial floor space from
1979 to 1982 was within a 15-minute walk of a Metro station. The
density of stations in the city center was such that al nost any
construction in the core area - downtown Washington, D.C., and Ar-
lington-would fall within a 15-minute radius. |In the suburbs,
however, about 30 percent of commercial devel opment occurred around
Metro stations. Those activities nost oriented to station areas
were offices, hotels, and m xed-use facilities. Projects around
Metro stations tended to be twice the size in dollar terns as those
built away from Metro station areas.

More recently, an enploynent study for the period of 1980 to
1985 was conducted. This study used the full 103-mile system as
its base for station inpacts even though some of themare still not
open. This study portrayed a negative image regarding transit's
power to change devel opnent It noted that while enploynent in the
five-year period grew by 15 percent in the region as a whole, it
grew by less 7 percent within Metro station areas. Al enpl oynent
sectors exhibited simlar patterns. The energence of suburban
activity centers, the build-out of some station areas, or the shift
to service and trade enpl oynent were consi dered possible
expl anations for this trend. At the same tine, Metrorail stations
captured 43 percent of the region's conmercial devel opment between
1980 and 1986. The Washington, D.C., Metro Inpact studies
concluded with interesting and useful work in commerci al
devel opnent trends, enploynent trends, and changes in accessibility
but with no definitive conclusions regarding Metro's economnic
devel oprent i npact .

Washi ngton, D.C., COG continues to maintain the non-
residential construction activity data files that permt it to
docunent netrorel ated devel opnent activities on a quarterly basis.
The first quarter 1990 report indicated that nmetro stations were
significant devel opnent attractors with 40 percent of new devel op-
nment around stations.

It is to be noted that COGis currently awaiting UMIA/ WWATA
funding for an update of Metro devel opnment trends. It will also
survey work at MARTA, BART, Baltinore, Quebec, and Toronto as part
of its assessnment. This could provide a major opportunity for
ext endi ng past inpact anal yses.



MARTA | npact

Atlanta is a city for which transportation has been a centra
devel opnent force. The original genesis of the city was derived
frommajor railroads com ng together. Later, the
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consci ous devel opnent of its airport as a major hub hel ped nake
Atlanta the major regional center in the South. Its freeway
systens were used to support its central role. Thus, the devel -
opnent of a transit systemarose in an environment that understood
and appreciated the formative role of transportation.

The devel opment of the MARTA rail system has generally been
given credit for arising fromthe best planning environment of the
vari ous before-and-after studies (Davis, Myer, Price, Canbridge
Systematics). Focus of that planning environnment was on the
station areas' planning and the nonitoring of devel opnents around
stations. Wth UMIA assistance, a series of Transit Station Area
Devel opnment Studi es were performed. these were cooperative efforts
bet ween the Atl anta Regi onal Comm ssion, Ceorgia DOI, MARTA, and
t he cogni zant | ocal government to mnimze traffic inpacts and
maxi m ze devel opment opportunities around stations (Price). A
Transit Inmpact Monitoring Programwas devel oped to eval uate trends
over time and establish the extent to which the plans were being
i npl enented. Five station categories were devel oped for nonitoring
purposes: high intensity urban, m xed use regional, comuter, -
conmuni ty center, and nei ghbor hood.

The MARTA rail systemwas originally approved by voter
referendumin 1971. The first phase of the system the East Line,
opened in 1979. Overall, 53 mles of the systemw th 41 stations
are planned. A key factor is that about 65 percent of the system
operates on existing rail right-of-way.

The | and devel opnent effects of the MARTA system are open to
debate. Sone studi es have focused on those areas where devel opnent
has i ndeed occurred, accepting any devel opnent near a station as
"rail-related."” The Davis study, based on 1985 data, argues that
rail transit projects are too expensive "to justify themsolely on
their merits as transportation systens."” Devel opment effects thus
becone crucial "as a neans of justifying these systens based upon
the additional economc benefits they can potentially generate.”
The focus of their research is on "joint devel opnent, " neaning
joint public-private devel opment |inked to transport
infrastructure. The study confirnmed previous findings that devel -
opnent around rail stations "occurs in conjunction with a strong
mar ket situation and supportive zoning policies" (Davis).

A study benefiting fromreview ng devel opnent in a later time
period occurred in |late 1988 as a part of an assessnent of UMIA
prograns using case studies (Canbridge Systematics). This study is
nore el aborate than previous efforts. Rather sinmply tallying con-
struction in a service area around stations, the study exam nes the
hi story and behavi or of the individual projects. Its findings
regardi ng devel opnent inpacts in Atlanta, based on extensive
interviews, are at best mixed. Gven the axiomthat transportation
is a necessary but not sufficient factor in |and devel opnent, it is
unclear that transit falls into the necessary category. Parallel
sites are shown to have devel oped simlarly close to and di stant
fromstation areas. Overall, their finding is that "case studies
furnish no evidence that rail transit has shaped regional |and use"
and " has shown m xed and/or nodest evidence of rail transit's
ability to shape devel opment near downtown and ot her commercia
stations locations.” Specifically, the report states "in Atlanta
the evidence for this kind of devel opnent is incidental."



A nunber of downt own devel opnent conpl exes, such as the

Ceorgi a-Pacific, Southern Bell, and |IBM headquarters are cl osely
exam ned and the concept that MARTA can be credited with their
location is evaluated. 1In all cases the finding was that these

structures were highly oriented to the CBD and t he predom nant
orientation of the tenants was to the auto. They cite that
devel opers use the presence of transit as a rationale for project
densities in excess of comon densities prevailing which " may be
causi ng as many problens as they are solving."

In Atlanta, the current effects of MARTA are open to question
concerning their power to
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formurban patterns or attract devel opnent. The nost recent
regional plan was revised to reflect the failure to sustain the
center's role in devel opment and to respond to the rapid
subur bani zation of jobs to the north. As in BART, the sense of
di sappoi nt mrent and nai vete regardi ng the planners' expectations
regarding the formati ve power of transit is clearly evident.

Smal | er Scal e Transit Prograns
More recent transit investnent prograns have been | ess

extensive in both absolute and relative scale and, thus, |ess

potent in their ability to formnmetropolitan |and patterns

(Enmerson). The San Diego light rail system nmakes no pretense of

attenpting to form devel opnent given its |location and structure

(UMTA, Transit Inmpact Studies). Even the |arger scale Los Angel es

programwi |l have little significance on a portion of the region's

activities given the i mense scale of the area.

Smal | er scale activities such as light rail devel opments may
still be significant in ternms of the scale of the communities
(e.g., Portland, Sacranmento, Buffalo, etc.) in which they are
devel oped (Arrington, Paaswell, CATS). Reports from Portland point
to significant |and devel opnent effects (Affington), whereas early
Buf fal o i npacts appear negligible. However, nore recent anecdota
Buf fal o experience points to significant resurgence in the downtown
area. The nost typical area of concern is the power of transit to
support and sustain the downtown area's influence. |In Buffalo, the
i ssue may have been a trade-off between overall regional service
and supporting downtown devel opment. An Urban Land Institute (ULI)
study conducted in the early stages of urban transit devel opnment
identified the factors affecti ng downtown devel opment and the
i ndustries nost affected (Black). New prograns in Baltinore and
Denver woul d be appropriate for study of econom c devel opnent
trends fromthe start of a project, especially downtown.

The foregoing indicates the | ack of an appropriate netric for
determ ning the characteristics for significant transit |and
devel oprnent inpacts. Anong the factors are:

- Absol ute scale. The absolute dollar volunes involved, or the
absol ut e nunber of people affected by a new project, could
define the basis for inpacts assessnent.

- Rel ative scale. A key may sinply be the prospective share of
the region's persons or trips inpacted by the investnent. A
light rail system cannot have the sane effects in Los Angel es
as in Tucson. This mght be expressible in terns of the share
of total transport investments in the comunity represented by
the transit undertaking or by the change in the anbient |evels
of accessibility generated by the new facility.

- Pace of developnent. The rate at which new popul ati on and new
jobs are being added in a community affects the ability to



change historical patterns. ff the goal is to change | and use

by the year 2010 a key question would be what percent of 2010

| and devel opnent is already on the ground? In areas of the

west and south, where annual growh rates are triple and
guadrupl e that of the national average, the opportunities to
guide or deflect ultimate patterns will be greater; although
those areas are typically the | east susceptible to high
density patterns. The reverse issue is raised regarding the
ability to use transit to turn around a declining area and to

gener ate grow h.

A nunber of studies have surveyed the inpact anal yses
performed in varying cities with a m xed set of reactions, neither
uni formy positive or negative (Enerson, Meyer, Cervero, DOT).

Many point out the need for other factors to be present in order
for transit influences to be effective. Factors such as supportive
zoning, land assenbly potential, overall growth rates, and ot her
supportive public policies are identified. These factors could
overwhel mthe transit investnment's influence. In sone cases public
policy mght create a self-fulfilling prophecy for the expected
devel opnent effects by
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replicating the thinking of private devel opers and goi hg where they
were going anyway - a simlar argunment could be made for parKking
garages. O, by consciously siting public facilities at the
transit investnment sites, public agencies mght directly cause the
effect they were trying to create. Particularly, special zoning
bonuses around transit stations as in BART mght be sufficient to
redi rect devel opment to those sites even w thout the associ ated
transit investnent.

Wth all of the nyriad factors involved and the many di sparate
interests at stake, it is not surprising that conflicting evidence
exists. It could be productive to revisit past studies to update
findings and to research new nodes of studying the effects of
i nvestments in new social and econom c contexts and in new netro-
politan environnents.

H ghway St udies

H ghway i npact studies of the 1950's and 1960's are
conceptually closer to the transit studies of the early 1980's than
they are to later highway studies. Like many of the later transit
studies, they were often prospective in nature, seeking to help
justify the investnent in the facility by extensive description of
t he economic benefits to be produced (BPR). Land devel opnent
effects were nost often concerned with specific changes al ong the
right-of-way as a result of construction. This is consistent with
the time period. In many instances, freeways were new i deas; and
the need to gain public support was critical to convince peopl e of
the val ue of freeways in advance (State University; FHWA, [|npact of
Bel tways). Rather sophisticated, high caliber work was done in
this period referencing contenporary soci ol ogi cal and ecol ogi ca
research (BPR State University).

By the 1970's the hi ghway i npact studies had changed to a nore
passive aneliorative tone. The enphasis shifted to mnimzing the
negati ve consequences of road devel opment rather than accentuating
their positive effects. It alnost appears that the positive
econom c effects needed no further justification or support; rather
the critical issue was overcom ng negative environnmental and soci al
concerns. Noise and air pollution and the need to avoid | and use
di sruptions are significant concerns (FHWA, Social and Econonic



Effects 72, 76).

In nore recent times, the pendul um has shifted back to
econom cs. This proceeds fromthe shift to alternative funding
sources in sone instances and also in response to the nationally
recogni zed need to expand our productivity and competitiveness in
the world scene. Two trends are evident. First, the macroecononic
case for highway investnent is nmade based on national economc
rel ati onshi ps. These studies seek to identify broad rel ati onshi ps
between | evels of infrastructure expenditure and | evels of the
econony (FHWA, current literature). These studies are not
facility-specific anal yses. The work described by Politano is a
hybrid using Bureau of Economc Analysis multipliers to estinmate
econom ¢ effects of hi ghway system pl ans that expressly include
operating cost changes resulting from system devel opment. The
second trend is evidenced by specific facility studies often
related to facilities ained at filling in gaps in the interstate
system shorteni ng paths between key points, adding better access
for rural devel opment, or adding capacity in congested corridors
(I''l'inois/Mssouri DOTS, Wsconsin DOT).

Tradi ti onal weaknesses in these studies that need to be
overcome relate to the tendency to nake the nacroecononic case for
hi ghways based on the jobs involved in their construction and
operation or their general economc role (Pisarski). 1In the
facility-specific case, the studies increasingly recognize and
attenpt to quantify the critical econom c benefits fromi nprove-
ments in nobility and accessibility (Wsconsin DOT, |ndiana DOT).
Thi s work needs expansi on.

Ai rport Studies

In many respects, patterns in assessing airport inpacts are
very simlar to those noted above for highways. 1In the early years
after World War 11, needs were anal yzed extensively
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and airports were built. Studies focused on beneficial economc
effects. Later the assessnents became defensive, |ike highways,
based simlarly on noise and air pollution concerns and
particularly on negative | and use conflicts w th adjacent
properties.

Recent studies stress the econom c inportance of airports
based on traditional justification methods - jobs invol ved,
revenues produced, taxes generated, etc. The Federal Aviation
Adm nistration (FAA) has devel oped a standardi zed procedure for
airport economc inpact assessments. The RIM5S Il nodel of the
Departnment of Commerce has been nodified and used in a Texas
hi ghway assessnent (FHWA, current literature). This approach woul d
seemto be equally applicable to transit or hi ghways but is nost
preval ent in aviation. The approach is prevalent in aviation
per haps because airports are single sites and nore individual,
private concern exists than for transit facilities of highways.
Over 100 such studi es have been done (PIAT). The process has been
turned into a cookbook activity that tends to inflate the rea
benefits of aviation. These standardi zed procedures do not provide
significantly useful products to this study. A recent study
produced by the Partnership for Inproved Air Travel (PlIAT) does
differentiate these efforts fromaviation efficiency studies that
consider true travel benefits in a cost/benefit framework, which is
closer to the realmof current interest.

Unl i ke highways or transit, little work seens to have been
done in aviation outside very traditional econom c inpact studies



with respect to the effects on devel opnent. Research outside
government and the operating industry has treated this subject and
denonstrated the i mense formative role aviation service may have
in metropolitan devel opment in the 1990's (Schweiterman, Irwn).
One aspect of the aviation picture which may help explain this
surprising |l ack of research activity is that nobility patterns to
and froma given city can change dramatical ly, independent of
changes in the physical character of the facilities involved. The
shift to hubbing is one exanple. For instance, a review of the top
50 metropolitan areas in Anerica shows that several hub cities
(i.e, Chicago, Atlanta, Dallas) have direct access to alnost all of
the top 50 areas; whereas other cities of simlar popul ation have
far nore limted access. In the case of snaller cities, an area
such as Tol edo has access to only 10 of the top 50 areas, while the
m ni hub at Dayton, a city of comnparable size to Tol edo enjoys far
greater direct access to 27 of the 50 cities (Schweiteninan). This
nust affect their relative attractiveness to certain kinds of
industries and activities.

In a forthcom ng study, changes in air access in a given city
is shown to be Iinked with the growth in certain service-based
i ndustries (lrwin). This provides an inportant starting point for
anal yzing the contribution of air service to a region's conparative
econom ¢ advant age.

Transportati on Research Board Possi bl e Tasks

The foll owi ng task descriptions provide a broad array of
useful research opportunities associated with this question. They
represent a fairly broad attack on the econom c devel opment effects
of transportation investnments focused on passenger trave
investments in the individual nodal areas.

It is clear that nost of these research tasks are not
appropriate for a TRB research undertaking. Wile there is a great
deal of literature available on the general subject, nost of it is
of a survey character. There is little that provides solid primary
data that could contribute to a serious study. Rather a grand
gl obal effort, small, focused studies producing tangible
contributions to the subject area in specific delimted areas seem
nost appropriate. Mst such work woul d best be perforned by the
responsi bl e agencies within the nmetropolitan areas being studied or
in academ c environnents.

This is an inportant area, nmade nore inportant by current
concerns regardi ng national legislation. There are ways in which
TRB
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can make a contribution in each of these areas. These areas have
been identified within the detail ed di scussions of the foll ow ng
possi bl e research tasks. There is so much research work being
conducted in the general area of econom c devel oprment and
transportation investnment that it would be appropriate for TRB to
play a role in screening and coordi nati ng these research
activities.

Task 1: Update and Expand Literature Revi ew

Thi s reconnai ssance has sought to identify the avail able
literature in this topical area. The materials identified are
presented in Appendix A |If a TRB-sponsored research effort is to
be undertaken, the researchers should reviewthe naterials



identified in Appendi x A and expand their research to materials not

contained there. Oher resources may be available. The literature

inthis area is variously |abeled and has no clear structure or
bounds. Some of the literature falls into the areas of economc
devel opnent, |and use, inpact analysis, urban pl anni ng nodeling,
and feasibility studies literature. The fields of geography and
soci ol ogy al so have inportant potential contributions. A nunber of
the references contain excellent bibliographies. To avoid
redundancy, bibliographi es were not reproduced.

The foll owi ng areas need further exploration:

- Conti nued conpil ati on of on-goi ng assessnment efforts by the
maj or inmpact study area cities - The Bay Area, Washington,
D.C., and Atlanta.

- Limted or anecdotal efforts by netropolitan areas with
smal ler transit undertakings - Detroit, Baltinore, Mam,
Sacranento, etc.

- Pertinent foreign experience, nost notably the Canadi an
experience with Vancouver, Calgary, Ednonton, and Toronto and
experience in Asia and Europe as well. The experience of
Lille in France, an apparently successful effort to stimulate
devel oprment in a declining area, would be a useful counterpoint
to the Buffalo and Detroit transit prograns.

- Private sector literature can be a very effective resource.
The products of the Urban Land Institute and the Nationa
Council for Urban Econom c Devel oprment are effective
resources, but many other private associations focusing on
devel oper interests, parking interests, and shopping center
interests could be of value. The literature and data sets
concerning | and tax and assessment experience around transport
i nvestment properties is an open area for research

Task 2. Assessnment of Transit Devel opnent |npacts

Wthin this task a nunber of avenues of investigation need to
be pursued relating to transit investnments in the United States.
The sub-tasks to be pursued are:

Task 2A: Revisit and review nmajor inpact studies. Through the
1970's and 1980's a series of before-and-after studies were con-
ducted in areas where our najor transit investnments occurred: San
Franci sco, Washington, D.C., and Atlanta. A najor body of
l[iterature was produced. One of the realities of the studies was
that it is difficult to assess devel opnent effects, which are
necessarily longer termin character, early after system
devel opnment The | ast of the systematic national reviews was con-
ducted in 1982. Only the BART study was fully conpleted. Now,
al nost 10 years later it would be timely to revisit these prograns
to assess whether the longer-termeffects are nore tangi bl e today.

A nunber of approaches can be considered. First, |ocal
pl anni ng agenci es shoul d conduct retrospective assessnents.

Second, the current COG activity, "Devel opment-related transit
ridership potential at future netro rail stations, to be funded by
UMIA, could be the nucleus for such a retrospective effort. This
activity could be expanded to be nore conprehensive. TRB coul d
provi de review, synthesis, and
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coordination. A conference could be held to bring researchers
together to discuss goals and met hods or an expert panel could be
formed to nonitor the COG activity and to review different
approaches for other researchers.

Task 2B: Review of new smal |l er scale investnents. A shift in



enphasis to smaller scale transit progranms occurred in the 1980's.
The ability of transit prograns to stinulate or guide devel oprent

is dimnished by their small scale. It is |less appropriate to
expect significant |and-use shifts associated with these activities
but an assessnment is still worthwhile. A review of current

experience regarding the | and devel opnent effects of these prograns
could be of value. One inportant contribution of such a study
m ght be to establish guidelines for small scal e assessnments based
on relationships in area size, project size, etc. Areas of
pertinent application include Buffalo, Portland, San D ego,
Sacranento, Mam, and Detroit. Useful conparisons would be
Vancouver, Calgary, and Ednonton

As noted, the proposed COG effort will survey sone of these
same cities. This could provide the basis for an expanded
understanding in this area. Qherwise, the available literature
woul d not support a research effort of smaller transit projects at
this tine.

Research Questions
A review of the transit inpact literature |leads to the

foll ow ng questions:

Does anbi ent accessibility represent a significant factor in
conparati ve advantage anong cities?

2. Can scale effects be identified in the effects of transit or
ot her transportation investnment on devel opment? Are they
relative or absolute? Wat are the best statistical neasures
or indicators of these scale effects?

3. Is there any evidence of the ability of transit investnments or
ot her transportation investnments to turn around a declining
nmetropolitan situation?

4. VWat are the key factors governing devel opnment or the |ack of
it around transit stations? Can the elenents invol ved be
gquantitatively described?

5. VWhat is the power of transit investment to sustain the centra
city's conpetitiveness in a region? Are transit cities nore
centrally oriented? Wy?

These questions can be addressed in research undert aki ngs.

The following is a brief guide to some of them

Net Change

Does transit contribute to netropolitan conparative advant age?

A key question is whether the presence of extensive transit ser-

vi ces provides a significant advantage anbong cities to attract

busi ness or other devel opment. The BART study is the only study to
expressly address this question. The BART study found that the
system di d not change the economic trends of the region. No
intercity conparative study has been conducted

One aspect of the intercity competitive factor is the
contribution transit makes to the anbient accessibility in the
metropolitan region. Only i mense changes cause significant |and
use effects in today's cities; the effects of accessibility are
often a scale effect. Exanples of a scale effect are transit
i nvestment in New York at the turn of the century when little
accessibility preceded it or in western cities with the advent of
freeway. (The BART systemwas only an increnment to an already
extensive transit systemin the Bay Area). On the other hand,
transit investnment, as in Atlanta, may prove attractive as a signha
of a civic interest and as a response to prospective congestion
concerns.

Can transit contribute to turning around a | ow growt h or
declining area? O particular focus here are sone of the cities
that sought to turn around a negative devel opnent situation through
transit investment. Wereas Washington, D.C, San Franci sco, and
Atlanta were high growh areas needing transit to respond to prob-



| ens of capacity, other areas have sought to turn around econom c
problens by the stinulative effects of transit devel opnent. Aside
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fromthe obvious short-termeffects of the infusion of |arge
gquantities of state and federal dollars, did transit investnent
hel p attract new growth or help reverse decline? This is of
particular interest in Buffalo where transit investnent was a key
el ement in an econom c devel opment strategy and to a | esser extent
in Portland and Detroit.

Redi stributive Effects

Beyond the net change effects on netropolitan area growth
potential are the questions of redistributing | and devel opment As
noted, this can be as crucial as the intercity competitive effects.
Two el enents to the redistribution question are:

1. Traditional research questions about transit devel opnent
i npacts around stations or along transit corridors; and
2. Br oader questions of the power of transit's ability to sustain

the influence of the center city in a large netropolitan

regi on where econonmic forces are acting centrifugally.

Wy is the influence of transit around stations so variabl e?
There is a significant body of research literature studying new
transit stations with and without growh effects - exanpl es exi st
of both. Research may be able to clarify why these effects occur
in some instances and not in others. Questions also exist about
the interaction of transit investnent with other factors of
devel opment such as special zoning treatnment which may have
i nfl uence i ndependent of transit access. A pertinent area of
investigation is to establish the actual causative |inkages
i nvol ved at stations rather the general statistical, evidence;
i.e., in a high gromth area around a transit station, to what
extent was transit a factor in |ocation choices; to what extent are
residents, commuters, and shoppers actually oriented to the transit
syst enf?

Can transit aid the center city in its conpetition with the
subur ban devel opnent trend? Transit investnment's future role to
sustain the center influence of a netropolitan region is a factor
that will impact transit investnent. Effectively, all major
transit investnments orient the access opportunities they provide to
the center. |If they are effective fornmers of |and use, their
greatest effects should be felt in the attracti on power they
generate for the center. That influence can be tested. It must be
recogni zed that the effect of transit access, however effective or
ineffective, is acting in a way countervailing other very powerful
forces that are tending to reduce the influence of the center
Further, the test of central influence should not be neasured in
the effects on job locations only. The power of the center for
entertai nnent, recreation, and educati on nust al so be consi dered
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The Effects of Added Transportation Capacity on Travel: A Revi ew of
Theoretical and Enpirical Results

Ryui chi Kitanura
Institute of Transportation Studies
Uni versity of California, Davis

I ntroduction

The addition of transportation capacity affects potentially
all attributes of trips made by urban residents; i.e., time of day,
destination, node, route, and linking of trips. The inpact could
be nore pronounced if unsatisfied or |atent demand exists due to
congestion (Canbridge Systematics, Inc., and JHK & Associ at es,
1979). In the long-run, added capacity may influence a household' s
aut onobi | e owner shi p deci sion, residence, and job | ocation choice.
Firms' |ocation decisions will also be affected. Sooner or |ater,
waves of devel opment start filling the fringe area. It appears
nost certain that as long as the urban area continues to grow,
fringe land with good transportation access will be converted to
residential and conmercial use. The addition of transportation
capacity is one of the key contributors to urban growth.1

Per haps the nost fundanmental inpact of added capacity is
attributable to urban growh stenmng fromthe ability of
transportation capacity to support a |arger urban popul ati on and
nore extensive non-residential activities. Cbviously, this growth
has i medi ate i npact on travel demand; an X percent increase in an
area's work force woul d probably lead to an increase in work trips
generation by approximately X percent. Possible increases due to
changes in departure tines, destinations, nodes, routes, or even
i nduced trips, appear mnute when conpared with this primry growth
effect.

However, if growh were controlled by strict |and-use neasures
or if growmth in an urban area were supported by its politica
constituencies, then the secondary inpacts of added capacity woul d
no longer be a trivial issue. One would need to address the
guestion: What is the trip-inducing effect of added capacity? If
hi ghways were not congested, woul d people go out nmore often and
drive farther? One may al so be concerned with the long-termeffects
of added capacity upon the evolution of an urban area. Wuld
peopl e own fewer autonobiles and use public transit nmore if the
capacity of the transit systemincreased? Wuld radial expansi on of
t he hi ghway systemnerely contribute to ever increasing trip
| engt hs?

Neither primary growmh effects nor the secondary trip effects
of added capacity are thoroughly understood. The growth effects
are not incorporated into the standard urban passenger trave
demand forecasting procedure in the sense that future | and use is



predet erm ned, essentially independent of the future travel demand
and supply. Nor are the effects of inproved accessibility on trip
generation, trip chaining, and trip timng represented in the
procedure. This is partly due to |lack of theory. Econom c theory
is often too sinplistic to account for the conplexity of trave
behavior with the nultitude of potential behavioral adjustments
(e.g., one can change any, or conbinations, of trip frequency,
destinations, nodes, routes, trip timng, and |linkages).2 Attenpts
have been nade to construct travel behavior nodels that draw on

br oader theoretical bases (e.g., Bhat, 1991; Koppel nan and
Townsend, 1987; Pas and Harvey, 1991). Yet many steps need to be
taken before these efforts can be reflected in the practice of
travel demand forecasting.
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Furt hernore, determning the effect of added capacity is not
at all a trivial task because it is concerned with intricately and
dynamically interrel ated system conponents: transportation supply
system |and use, accessibility, and travel demand. Transportation
supply system affects | and use, as evidenced by |and use devel -
opnent, that seens to inevitably foll ow the construction of new
facilities. Together, transportation supply systemand | and use
define accessibility. Induced trips represent the effect of
accessibility on trip generation. Travel demand, in turn, affects
the transportation supply systemthrough the planni ng process.
These interrel ationships, with built-in lag tine, inply an urban
system whi ch may be viewed as a | abyrinthine "ecol ogi cal system”
Consequently, an attenpt to nodel one variable (i.e., trave
demand) as a function of the rest encounters highly multi-collinear
expl anatory vari abl es, nmaking the identification of each
contributing factor's effect inpractical

Thi s paper presents a review of theoretical and enpirica
results in the literature that shed light to the effect of added
transportation capacity. The purpose of the effort is to establish
a base fromwhich future research effort can depart. The review of
theoretical studies is limted only to those aspects of daily
travel behavior for which enpirical observations are avail able.
Studi es on network assignment and departure tinme choice are outside
the scope of this study. Theories and enpirical evidence on |ong-
terminpacts of added capacity are al so outside the scope except
for a review of disaggregate choice nodel s on househol d auto own-
er ship.

Thi s paper is organized as follows: In the next section
several theoretical mpodels and paradi gns of urban travel behavior
are discussed; The follow ng section offers a review of enpirica
studi es that exam ne the inpact of highways on travel; The next
section addresses the limtations of the current demand forecasting
procedure, and the |ast section presents concl usions and future
research directions.

Theoreti cal Approach

A conprehensi ve theory of urban travel behavior is difficult
to establish, perhaps because travel is such a fundanental el enent
of life. [Individuals travel for econom c, social, psychol ogical
and physi ol ogi cal reasons. Although some aspects of trave
behavi or (e.g., travel node choice) may be well described using
theories scattered in these academ c disciplines, constructing an
enbraci ng theory of urban travel and formulating a system of quan-
titative nodel s has not yet been acconpli shed.

Exam ni ng the inpact of added capacity would require a nore



fundament al under standi ng of why people travel. It would al so
require the accumul ati on of enpirical evidence based on exact
measur enment of each factor's effect. As a precursor of such an
endeavor, the discussions in this section focus on m croecononic
formul ati ons of travel behavior, the paradigmof cons in trave
time budgets, evidence offered by what may be called the
"ecol ogi cal approach, " the effect of accessibility as a genera
measure of the generalized cost of travel, and some of the
difficulties associated with identifying the effect of generalized
travel cost on travel (which is a function of the capacity the
supply systemoffers, the spatial distribution of opportunities,
and travel demand).

Econom ¢ Theory

The cost of transporting goods and passengers plays a critical
role in theories of |and use and urban devel opment. Theoretica
nodel s have been constructed to explain a firm s decision |ocating
its plant, a household' s choice of where to reside, or a retailer's
sel ection of store locations. For exanple, a household may be
willing to live farther away fromthe city center and spend nore
time commuting if that will allow nore residential space to be con-
sumed. The rent per unit space then, nust decrease as the distance
fromthe city center increases. Enpirical observations often agree
with such relations theoretically derived for highly hypothetica
and abstract nodels of ur-
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ban areas (for a recent review see Berechman and Smal |, 1988).

A very fundanental relationship in economcs is between supply
and demand; the demand for a good increases as its price decreases,
whil e supply increases as the price increases; and an equilibrium
will be attained where the demand equal s the supply, with the good
at an equilibriumprice. This can be applied to urban travel by
Vi ewi ng transportation as a consuned comodity (e.g., Whl, 1962).
For illustrative sinplicity, let the tine cost-of travel be the
only cost, and let this cost be proportional to the inverse of the
average travel speed in a hypothetical urban area. Then the demand
for travel increases as travel speed increases and travel cost
decreases. But as demand increases (therefore, as traffic vol une
i ncreases), speed declines and travel cost increases. The fornmer
relation constitutes a demand curve and the latter a supply curve.
The intersection of these two curves indicates an equilibrium
vol ume and speed. An inprovenment to the roadway infrastructure
(i ncreased capacity) would lower the supply curve (a |l arger vol ume
can be carried at the same speed) and the equilibrium point would
shift to the right to a larger equilibriumvolune, a higher speed,
and a | ower cost The message is quite clear: Added capacity wll
lead to an increase in travel with the volune added after the
i nprovenment representing "travelers diverted fromother facilities,
t hose maki ng nore frequent trips, those switching from ot her nodes
of travel, or those nmaking entirely new trips" (op. cit., pp. 52-
53). This, however, represents a highly sinplistic and aggregate
approach to travel behavior. People make trips to engage in
activities at different locations; the demand for travel is a
deri ved demand and should be treated as such

In their m croecononic derivation of a gravity nodel of trip
di stribution, N edercom and Bechdolt (1969) depict trip nmaking as a
resource allocation behavior. A visit by a trip maker situated at
i to a destination zone j, is assumed to produce a positive amunt
of utility, with repeated Tij visits collectively yielding



dick HERE for graphic.
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fromi toj. In this formulation, the net benefit to a household
derived fromtravel is maximzed Beckmann and Col ob al so adopt
depictions of trip making as a resource all ocation behavi or and
briefly discuss the case where both nonetary and tine budget
constraints exist.[13 The conclusion of their analysis is simlar to
t hose di scussed above: Trip frequencies will increase as the
general i zed cost of travel decreases.[#

Travel Time Budgets

VWhen trip making is viewed as a resource allocation behavior
then the total travel resource that can be allocated becones a
primal driving factor. Zahavi proposes an alternative trave
demand forecasting procedure which explicitly incorporates tinme and
nmonet ary budgets for travel. Zahavi's paradigm of constant trave
time budgets and enpirical observations on which it is based
(Zahavi and Talvitie, 1980 and Zahavi and Ryan, 1980) have led to
ext ensi ve debates (e.g., Downes and Emmerson, 1983; Supenak
1982, 1984; Zahavi, 1982; Van der Hoom et al., 1983). Zahavi's
approach is one of a few principles of travel behavior that have
been devel oped into operational forecasting systems. |Its use has
been alluded to recently by Stopher (Applied Managenent and
Pl anni ng Group, 1990) as a possi bl e approach to accounting for the
travel inpact of added capacities. A close review of the approach
appears to be warranted.

The Unified Mechani smof Travel (UMOT) nodel is proposed as an
alternative to traditional approaches to urban passenger travel and
demand- supply rel ationshi ps (see Zahavi and MLynn, 1983). The
backbone of the UMOT nodel is the hypothesis of the constancy in
househol d travel budgets. "The UMOT nodel maxim zes the daily
spatial and econom c opportunities per household, represented by
the daily travel distance, under explicit constraints. The
constraints are the daily travel tine and noney expenditures per
travel er and per househol d, respectively. These travel budgets
have been found to display consistent regularities and to be
transferable both spatially and over time" (op. cit., p. 137).

This formul ation of trip nmaking as a travel distance naxim zation
process is based on the viewpoint that travel itself produces
utility; therefore, savings in travel time and costs will be used
for nore travel. It is, however, noted w thout further
clarification that "both the travel tine and noney budgets are
state variabl es that change during each iteration” (op. cit., p.
138).

These assunpti ons underlying UMOT yield many interesting
i nsights, e.g., households respond to an increase in auto nonetary
travel cost, not by reducing the |level of auto ownership but by
choosing to hold automobiles of |esser quality, or of |ower "car
factor" values. The car factor represents the quality of the
vehicles that tend to be owned by households in each i ncone group
or "the type of car associated with each income group, namely above
or below a standard car, where the value of 1 ... signifies a
standard car" (op. cit., p. 144).

At the sane tinme, these assunptions seemto produce counter-
intuitive indications. For exanple, Zahavi and McLynn report that
hi gher incone households are able to satisfy their travel needs by
i ncreasing vehicle ownership levels, but "lowinconme househol ds, on



t he ot her hand, cannot satisfy the demand for car travel to al
their travelers. Furthernore, since the increasing nunber of
travel ers have to be satisfied by other nodes than car, say buses,
all which require travel expenditures, car ownership |evels
actual ly decrease with increasing household size" (op. cit., p.
145). O, "gasoline consunption may increase, not necessarily
decrease, at some point along the increases in car unit costs ....
The reason for this sonewhat unexpected result is that decreases in
the car factor (nanely, increasing the average age of cars) result
in increases in gasoline consunption” (op. cit., p. 149). Perhaps
t he nost paradoxical is the result, "a reduction of bus fares ..
may allow | ow incone travelers the transfer of the freed bus fares

to car travel ... conventional wisdomtells us that bus fare
reductions should attract car travel to bus travel, while the UMOT
nodel predicts otherw se"” (op. cit., p. 151). In other
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words, when bus fares are reduced | owincone travelers can use the
resulting savings for auto travel. Wile Zahavi and MLynn
maintain that this is an exanple of the Gffen effect with bus
trips being an "inferior good, " no enpirical evidence is offered
in support of the result.

It is not difficult to imagine that the UMOT nodel systemis
at best controversial. Downes and Emmerson (1983) note that "the
effects of trip characteristics on trip rates are not fully
under st ood" and present a study that exam nes the effect of
i nproved travel speeds on the trip length and frequency. They use
1976 | arge scal e househol d interview survey results from 12
muni ci palities of varying popul ati ons and sizes. The study
separately anal yzes a sub sanple of 32,000 individuals who "only
traveled internally" within study areas (op. cit., p.174) and
concl udes that the total travel expenditure decreases as trave
speed increases for those internal travelers, while it increases
with speed if external travel is included.

The results thus cast doubt on the assunption of constant
travel time expenditure. The study, however, does not explicitly
state how the average speed was defined for each traveler. |If the
average speed is defined as the total distance traveled by a
travel er divided by the total time it took (which is suggested by
t he di scussion on p. 176), then this variable is endogenous and the
results by Downes and Emmerson coul d be seriously biased.

Van der Hoorn, et al., (1983) acknow edge that the UMOT
approach is "very appealing to policy nmakers and researchers
because it is conceptually sinple and robust, the data requirenents
are |low and the nodel is easy to conpute on a mcro conputer” (op
cit., p. 156). However, their effort to inplenent the nodel for
the Netherlands has led to the identification of severa
[imtations in the nodel, questionable node use elasticities with
respect to their costs, and a finding that the auto ownership
conponent is "too sinplistic" (op. cit., p. 168). 1In his coments
to Vander Hoorn, et al, Zahavi notes that nost of the limtations
are accounted for in the |atest version of the UMOT nodel

Supemak (1982) points out the inconsistency that exists anmpbng
vari ous neasures of travel budgets (or, expenditures) and cites em
pirical observations that contradict the hypothesis of constant
travel budgets. In particular, Supemak reports that trip rates are
"more regular and stable" travel time budgets, supporting the
conventional sequential approach that starts with trip generation
anal ysi s.

It is indeed unfortunate that Zahavi passed away before he was
able to conplete the UMOT Model. It is yet to be determ ned



whet her the above counter-intuitive indications fromthe UMOI node
are | ogi cal consequences of the assunption of constant trave
budgets or nere aberrations resulting froma forecasting system yet
to be conpl eted

Accessibility and Added Capacity
An accessibility nmeasure, representing the relative ease of
reachi ng opportunities in an urban area froma specific area within
it, may be interpreted as a general indicator of the cost of
travel . Then, applying the econom c principle discussed earlier,
residents in a high-accessibility area should tend to travel nore,
not necessarily in ternms of travel time or cost, but in ternms of
trip rates or VMI. Theoretically it is expected that trip
generation is positively correlated with accessibility.

Added transportation capacity, whether by nmeans of additiona
freeway | anes, HOV | anes, or public transit lines, inplies
i ncreased accessibility in inpacted areas. The effect of added
capacity, then, can be exam ned by testing the relationship between
accessibility and travel, in particular, trip rates. Note that
trip generation analysis, as practiced now typically does not
i ncorporate accessibility measures. Trip production and attraction
are assuned to be functions of soci odenographic and | and-use
vari abl es but not accessibility. Added capacity is not viewed as a
factor that causes changes in trip generation. b

Since accessibility neasures will vary wi an urban area,
cross-sectional data suffice in the test, |ongitudinal data,
al t hough nore
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desirable, may not be necessary. This approach is nore attractive
than the comparison of changes in travel patterns before and after
a capacity inprovenment. The main advantage is the availability of
needed data in practically every netropolitan area. There is no
need to wait for a capital project in order to obtain before-and-
after observations or to establish a control group in order to
capture tine effects.

Attenpts to establish positive |inks between accessibility and
trip generation, however, have not been successful. The nost fre-
quently referenced study is by Nakkash and Grecco (1972). Their
results exhibit statistically significant effects of accessibility
only on school trip production and attraction; accessibility
nmeasures are not significant in nost trip generation equations.
Taken literally, the results I end support to the current practice
of trip generation analysis by showi ng the absence of capacity
effects on trip rates with the only exception being school trips.
Bef ore draw ng any concl usi on, however, it is necessary to review
the rel ationship anong the key contributing factors of urban trip
maki ng.

Ecol ogi cal Correl ations

Urbani zation is a result of the benefit of clustering: "To
achi eve nost of the goals that human bei ngs have, "cluster" is nore
efficient than "scatter” (Smth, 1975, p. 26). Although the
preference for isolation may exist, it nmay be preferable to
surrender "isolation or control over space in the interest of
conserving transportation resources” (op cit., p.27). This is
especially the case for production due to both internal and
external econom es of scale. Transportation cost, then, explains
the intensity of |and use, popul ation density, and rent (Iland



value) that decline with the distance fromthe urban center.
Because the city center represents a concentration of

opportunities, accessibility in general decreases with the distance
fromthe city center.

The observation that certain levels of residential density is
needed for public transit to be viable (Pushkarev and Zupan, 1976)
inplies that public transit either offers limted service or is not
available at all in low density areas. Residents in these areas
are then required to have automobiles to gain nobility- This is
wel | supported by enpirical observation (e.g., Mogridge, 1986).

For data from Portland, OR and Vancouver, B.C., Shindler and
Ferreri (1967) derive bivariate correlation coefficients anong the

| ogarithmof net residential density, transit to-auto accessibility
rati o, and the nunber of autonobiles per dwelling unit as shown in
the tabl e bel ow

a b. c
a. Net Residential Density
(logarithm 1. 000 0.703 -0.691
b. Accessibility Ratio
(transit to auto) 1. 000 -0.652
C. Nunmber of Autos per
Dnel 1ing Unit 1. 000

Sour ce: Shindler and Ferreri (1967)

It is also well established that auto ownership is nost
significantly associated with transit use. Shindler and Ferrer
(1967) summarized that the relationship between auto ownership and
transit use "was so strong, that auto ownership dom nated all other
factors in explaining the trip-making split between auto and
transit travel. Thus, for any given |level of auto ownership in an
area, transit use was, in a sense, predeterm ned regardl ess of the
quality of service" (op. cit, p. 24). Additional variables that
may enter the picture here are household size and i ncone. These
variables are correlated positively with auto ownership and
negatively with residential density and accessibility ratio. This
may be explained in part by the tendency that households with
children prefer single famly housings and suburban lifestyles.
Thus, an urban area exhibits intricate correl ati ons anong vari abl es
that are closely related to household travel behavior. These
correl ations, which
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may be called "ecol ogical correl ations, are results of decisions
made by househol ds and firnms and actions taken by public agencies
over tine.[6

Ef fects of Added Capacity

A direct consequence of such strong and clear relationships
anmong residential density, household size, incone, and auto
ownership, is the multi-collinearity that exists anong these
vari abl es that have traditionally been considered to nost strongly
i nfl uence household trip generation. Being defined as a function
of land use and interzonal travel time variables, accessibility
measures are also nulti-collinear with the other contributing



factors. As aresult, it is extrenely difficult to determ ne the
i ndependent effect of each contributing factor.[7

Consequently, it has not been possible to produce definitive
answers to such seemingly rudimentary questions as: "Does an
increase in capacity induce trips?" or "Can we decrease autonobile
ownership and increase transit use by increasing residenti al
density?"

The problemis further conpounded due to the endogeneity of
these "expl anatory" variables. Although variables representing
| and use, auto ownership, and accessibility have traditionally been
treated as exogenous variables that are determ ned outside the
system they actually not only feed into each other but also are
i nfl uenced by travel demand over time. Residential and commrercia
| and use and transportation networks together define accessibility
and travel demand. Travel denmand and transportation supply
characteristics determne the | evels of service avail able on
networks. Levels of service, in turn, lead to the enhancenent of
networ k characteristics through planning actions, which lead to
further residential and commercial |and-use devel opment. As this
cycle repeats itself over tinme, it creates an evolving systemin
which all pertinent variables are endogenously determ ned within
the system The effect of capacity increase has not been exam ned
in this dynam c context.[8

Sunmari zi ng the discussion of this section, economc
formul ati ons of trip making offer unanbi guous indications that
added capacity, which inplies decreased cost of travel would |ead
to nore trips and VMI. Furthernore, they have shown that trave
time, or nonetary budgets, play inportant roles. Travel budgets,
or travel expenditures to be nore precise, are clearly determ ned
by househol ds; al though no nodel s reviewed here attenpt to node
the process of determning a travel budget endogenously. The nobst
desirable level of travel expenditure of either tine or noney wll
vary from household to household or fromsituation to situation
The notion of forecasting future travel demand based on the
assunption that the travel expenditure of a household renains
constant over time is not well founded and appears to produce
results that cannot be theoretically supported. Then how does a
travel expenditure, or trip naking in general, change in response
to changes in capacity and resulting changes in generalized trave
costs? No definite answer to this question appears to be avail able.
The di scussion here pointed out the multi-collinearity anong the
factors that contribute to trip making, which is a consequence of
ecol ogi cal correlation that prevails in an urban area. 1In the
sections that follow pieces of enpirical evidence are put together
to formenpirical conclusions on the inpact of added capacity.

| mpacts of New H ghways

The literature on the inpacts of new hi ghways appears to be
dom nated by cost-benefit anal yses of highway investnment. For
exanpl e, a sanple of articles in Transportation Research Record
i ncl udes econoni c i npact anal yses by Batchelor et al. (1975),
CGaegler et al. (1979), and Mahady and Tsitros (1981); articles
enphasi zi ng property values as a mgjor elenment in the cost-benefit
analysis by Ganble et al. (1974) and Langley (1976); and articles
focusing on community values by Ellis (1968) and Fal k (1968).
Enpi ri cal studies of the inpact of new roadways on travel behavior
however, are surprisingly few and far between.[9
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A report by U S. Departnment of Transportation (1981)



concl udes:
It seens clear fromthe studi es which have been conducted over
many years that highway service |evel inprovenents do induce
increases in VMI. However, the magnitude of induced traffic
is thought by some to be quite small and, by others, to be
significant in certain circunstances (op. cit., p. 22).

On the other hand, Smth and Schoener (1978) maintain:
A frequent statenment advanced by transportation professionals
i s that highway inprovenents, by inducing travel, create nore
congestion they elimnate. Al though few data exist to
support this statenent, it has gained legitimcy by sheer
repetition.

This viewis repeated in a Research Results Digest issue

(Transportation Research Board, 1980).
In this section, available evidence is reviewd to assess the

ef fect of new hi ghways on travel, especially on induced trips.

Taxonomi es

Many hi ghways have been built during the periods when urban
areas underwent denographic and economic growth. Urban growth has
been acconpani ed by new hi ghways, and new hi ghways were sooner or
| ater surrounded by growi ng suburbs. In this sense, new hi ghways
have been synonynous with urban growth and growi ng travel demand
The first step in the effort to reveal structural relationships
bet ween added capacity and travel denmand would be to define
different elenents of the traffic that seemngly fills up a new
hi ghway al nost i medi at el y.

Zimrermann et al. (1974) propose that traffic on a (new or
capacity-inproved) highway be classified into:

- existing traffic,

- devel opnent traffic (due to | and-use changes),

- natural growth (denographic and soci oecononi ¢ changes),
- diverted (fromother streets or highways),

- i nduced (new trips nmade because of the new hi ghway),

- transferred (from other nodes), and shifted (to new

desti nati ons).

The | ast four categories are consequences of a new hi ghway of which
i nduced traffic is a part. Holder and Stover (1972) propose to

di sti ngui sh between "apparent induced traffic" and "true induced
traffic" (read in CSI and JHK, 1979, p. E-1). Simlar to Z mrer,

et al., Holder and Stover also attribute changes in traffic counts
due to "cultural traffic" (due to shifts in denographic or

soci oeconom ¢ characteristics), converted traffic (from other
nodes), developed traffic (resulting froml and-use change), and
diverted traffic (fromother streets and hi ghways)" (op. cit. p. E-1).
The devel opment traffic and natural growmh traffic as defined

by Zimme et al., represent increases in trip generation that are
accounted for in the |land use nodel that provides input to the trip
generation nodels in the sequential denmand forecasting procedure
Simlarly, diverted traffic, transferred traffic, and shifted
traffic are, in principle, accounted for by the trip distribution
nmodal split, and network assignment phases of the procedure
(al t hough actual practice may be | ess than ideal (see Harvey
[1991], Applied Managenment and Pl anning G oup [19901). This |eaves
i nduced traffic unaccounted for in the sequential demand
forecasting procedure. Al so unaccounted for is the effect of a new
hi ghway on the tenporal distribution of traffic, which is not
considered in these classification schenes of traffic.

The review of enpirical evidence in the literature presented
bel ow i ndi cates that new hi ghways do have inpact on VMI, presumably
due to a large extent to shifted traffic. This inpact is well
represented by the demand forecasting procedure. The inpact of a
new facility on induced traffic, however, is not evident.

86  Appendi x



| npact on VMI

The average trip length appears to increase with the
construction of new hi ghways. Voorhees, Banes, and Col enan (1962)
cite that the average work trip length in Baltinore increased from
2.6 mles in 1926 to 4 mles in 1946, and to over 5 miles as of the
witing of the paper

Bellonpb et al. (1970) also notes simlar historical increases
intrip lengths. For exanmple, "In Detroit the mean auto driver
work trip length in mles increased by 18 percent as the area
i ncreased in popul ation by 14 percent, and the average speed of
network increased by 12 percent between 1953 and 1965" (op. cit.
p. 1). Presumably this is due to a large extent to the geographica
and denogr aphi ¢ expansion of the area, |eading to substantial
devel opment and natural growth traffic and, probably to a | esser
extent, to shifted traffic

Voor hees, et al. (1966) offers quantitative indications of the
ef fect of popul ation and network speed on trip length. Based on
aggregate data (average trip duration, etc.) from23 cities, the
foll ow ng nodel was devel oped:

L = 0. 003P0. 20S11. 49
Wer e:
L = the average trip length in mles.
P = the urban area popul ati on.
S = the average network speed in nmph (op. cit., p. 31).

The positive effect of network speed on trip length is evident.
The effects of the "physical structure of an urban area” on the
trip duration and distance are also noted in the study. The
distribution of opportunities is not considered in the study.
Accounting for the size and physical structure of an urban
area, the network speed, and soci oecononic factors are considered
crucial in forecasting future trip length (op. cit., p. 36). Based
largely on simulation results, the effects of network speed are
sunmari zed as:
(a) change in the average trip length (mles) for uniform
density cities will probably be directly proportional to the
square root of changes in network speed; and (b) change in the
average trip length (mnutes) will probably be inversely
proportional to the square root of changes in network speed-
experience, however, has shown that peak hour speeds have not
greatly changed in large nmetropolitan areas (op. cit., p. 36).
Then, an addition of capacity, which would | ead to a hi gher hi ghway
speed, would also lead to an increase in VMI
The results reported by Frye (1963) also indicate that a
capacity increase has a direct inpact on traffic beyond devel opnent
and natural growh traffic. The opening of the Congress Expressway
in a 16 square-nmle area in the western suburbs of Chicago led to
an increase in the total VMI in the area by 21 percent between 1959
(before opening) and 1961. An increase of 7 percent could be
expected in the area due to natural growh. Frye's findings are
summarized in U S.DOT (1981, pp. 20-21) as: "About half the tota
i ncrease (10.5 percent) was due to diversion of traffic from areas
outside the study area. The other 3.5 percent is attributed to
i nduced traffic (i.e., new or longer trips) and adverse travel (the
extra VMI generated by travelers going out of their way to use the
new facility)...."10



I nduced Tri ps

Unli ke the other types of traffic on a new hi ghway, induced
traffic must be captured in the trip generation phase of the
sequential forecasting procedure. Trip generation nodels typically
use denographi ¢ and soci oeconom c variables for residential trip
generation (e.g., household size and auto ownership) and | and-use
variables (e.g., zonal enploynent, retail and floor area) for non-
residential trip generation. It is not conmon practice to use
vari abl es that represent transportation supply characteristics. 1In
fact, the current practice of trip generation analysis appears to
be based on the prem se that there exist constant household trip
rates that do not change over tine, do not vary within or
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across netropolitan areas, and are unaffected by the | evels of
service on transportati on networks. Typical exanples can be found
inthe Institute of Transportation Engineers (I TE) trip rates (UE
1979), "quick response” demand forecasting procedures, and conputer
program packages (e.g., Sosslau et al., 1978). Contrary enpirica
evi dence does exist. For exanple, Goulias et al. (1990), in their
anal ysis of 1980 Detroit home interview travel survey results, find
that dummy vari abl es representing the county of residence are
significant in many of the household trip generation nodels by pur-
pose estimated in the study. Yet no conpelling indicator of trip-
i nduci ng effect of added capacity appears to be offered in the
studi es revi ewed bel ow.

As noted earlier, Nakkash and G ecco (1972) present fornal
statistical tests of the significance of accessibility nmeasures in
trip generation equations. They argue, "Conceptually, there is not
strong basis for assuming that tripmaking is i ndependent of the
transportation system (op. cit., p. 99). The issue addressed here
is precisely that of induced trips in the narrow sense as defi ned
by Zimrermann et al., (1974). |1f, as economc theory inplies, a
decrease in the generalized cost of travel leads to an increase in
trip maki ng, then households residing in zones w th high
accessibility would exhibit higher trip rates. Nakkash and G ecco
exam ne this hypothesis by testing the statistical significance of
accessibility neasures in trip generation nodels.

The nethod used is straight forward. A "relative
accessibility neasure"” is defined by trip purpose using destination
"mass" ternms and friction factors (based on auto travel tinmes, op
cit., p. 102) and normalizing it as foll ows:

Cick HERE for graphic.

This measure is introduced into trip production and attraction
nodel s by purpose devel oped in the Indianapolis Regional Transpor-
tation and Devel opnent Study (altogether 13 nodels are defined).
The nodels are estimated with and without stratification which
di vided the study area into central and non-central areas (the
former conprises 105 zones out of the 395 zones in the study area,
op. cit., p. 103). The results of this analysis are,
unfortunately, inconclusive. Presumably due to the nmulti-
collinearity problemdiscussed earlier, Nakkash and Grecco report
that often "no satisfactory nodels were devel oped, " or "nodel s
wer e devel oped but no statistical testing was possible" (op. cit,
p. 107). Only two pairs of trip production nodels and two pairs of
trip attraction nodels are successfully estimted that can be



legitimately used to test the significance of the accessibility
measure. O these, only one production nodel and one attraction
nmodel (both for hone-based school trips) offer significant results.
(The results are quite counter-intuitive as school trips are of
mandat ory nature and shoul d be | east influenced by accessibility.
Thi s may have been caused by the practice of excluding non-
nmotorized trips fromtrip diaries that were prevalent at the tine
their data were collected.)

It is entirely possible that trip generation is in fact
| argely unaffected by accessibility, as suggested by the Nakkash
and Grecco study. However, it is also possible that, as noted re-
peatedly in this paper, nmulti-collinearity anong the expl anatory
variables may have led to the insignificant accessibility
coefficients. The nodels nmay have been subject to specification
errors; introducing the accessibility neasure as a linear additive
term may not have been appro-
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priate. Accessibility neasures are another potential problem
These zonal variables tend exhibit small variations across zones
and erroneously represent the true accessibility available to each
househol d. Finally, the aggrega zone-based anal ysis may have been
too insensitive to detect the effect of accessibility.

Kannel and Heat hi ngton (1974) exam ne panel of househol ds
interviewed in both 1 and 1971. The sane panel of households is u
in their 1973 study of the stability in trip generation anal ysis.
The objective of this 1974 study is to exam ne the hypothesis that
"the trip production fromhouseholds is affected by the ac-
cessibility of the household to major activity centers within the
urban area" (op. cit., p. 78). The accessibility measures
devel oped by Nakkash (see Nakkash and Grecco, 1972) are used in the
st udy.

Kannel and Heat hi ngt on use causal nopbdels to exam ne cause-
ef fect rel ati onshi ps anong several endogenous vari abl es incl udi ng
accessibility, auto ownership, and nobility. The indicator of
mobility is the nunber of honebased (presumably notorized) trips
Two alternative nodel structures are exam ned (each structure is
applied to the 1964 and 1971 data and | eads to very stable sets of
coefficients). In the first structure, accessibility affects both
auto ownership and trip generation negatively. 1In the second
nodel, which is preferred to the first by the authors, the direct
link fromaccessibility to trip generation is elimnated. Thus,
accessibility affects nmobility, but only indirectly, through
aut onobi | e owner shi p.

Smith and Schoener (1978) exam ne the inpact of 1-95 based on
"data fromorigin-destination travel surveys conducted by the Rhode
I sl and Departnment of Transportation in Providence for 1961 (before
construction of 1-95) and 1971 (after 1-95)" (op. cit., p. 152).
Househol ds are cross-classified according to household size and
aut o ownershi p. The dependent variables are VMI per househol d,
vehi cle hours of travel (VHT) per household, and auto driver trips
per househol d. Repeated cross-sectional data are used to address
these issues. The 1961 sanple contains 11, 467 househol ds, but the
1971 sanpl e contains only 855. The study concentrates on vehicul ar
trips; "all trips that were not auto driver trips" were elimnated
fromthe data set (op. cit, p. 154). The study area is divided
into two areas: the portion inside the influence of the new hi ghway
and the portion outside it.

Smith and Schoener (1978) correctly point out that "Many
previ ous studi es have shown that a correl ati on exi sts between
aggregate hi ghway supply per capita and VKMI per capita. The



exi stence of such a correlation, however, does not guarantee the
exi stence of a causal relationship between the two variables" (op
cit, p. 153). Their analysis based on household data accounts for
this problemand offers extrenmely interesting statistics. They
concl ude:
The conparison of the resulting matrices reveal ed that the
hi ghway did not increase trips or VHT, but it did increase
VICMI. This allows the tentative conclusion that travelers
increase their VKMI until they use up a given anount of trave
time. This conclusion supports the standard system
i nsensitive approach to trip generation as well as the use of
travel time as an inpedance in trip distribution (op. cit, p.

152).
The study, however, is subject to limtations. First, the
sampl e size for the "after” period is extrenely snmall, probably

produci ng the tendency of accepting null hypotheses of no change
Second, the method used to test the statistical significance of
change is less than ideal. Instead of exam ning the nunber of
significant pairw se statistics in before and after cross-
classification tables, the analysis of variance should have been
used.

The concurrent processes of the proliferation of autonotive
transportation and the decline of urban public transit are well
docunent ed by aggregate historical data. The inpacts of individua
hi ghway projects on transit use are |less frequently docunented. An
interesting exception is a study by Ri chards and Bei nbom (1973)
whi ch, based on longitudinal transit ridership records before and
after the
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openi ng of a highway route, indicates that transit ridership began
d g before the highway opening due to residential and comercia
rel ocation, and that opening itself had only limted inpact on
ridership.

The very question of induced traffic is addressed i n NCBRP
Project 8-19 (CSI and JHK, 1979 and TRB, 1980). The study is
adm ttedly inconclusive, reflecting the conplex nature of trip
maki ng, the presence of a wi de range of contributing factors, and
the resulting difficulties associated with its investigation. Sev-
eral observations are made in the study. Wether person trips wll
increase or not is said to depend on the characteristics of the
transportati on system such as the reduction of off-peak trave
times and costs or the I evel of congestion before the system change
(op. cit., p. 2-5). "The increase in person trips produced by a
supply increase may or may not result in an increase in the nunber
of vehicle mles travel ed, dependi ng upon the nature of the supply
change" (op. cit., p. 2-6). VM may decrease if the supply change
decreases the di stance between prom nent origins and destinations
or if it encourages nultiple occupancy vehicles.

Importantly, "A congested facility generally reflects the
presence of unsatisfied or latent demand for trip making that may
be satisfied if travel conditions are inproved by the construction
of new transportation facilities" (op. cit., p. 2-5). It is noted
that non-work trips are nore sensitive to supply characteristics,
and "the supply change nust affect the off-peak travel conditions
within the corridor" to have inpact on the volunme of person trips
(op. cit., p. 2-5). These and the nunber of other observations
made in the report suggest difficulties involved in stating the
ef fect of added capacity in general ternms. Wether a capacity
addition leads to induced trips or not needs to be determ ned case
by case while considering all the supply characteristics and ot her



contributing factors.

Concl usi ons

Assessing the inpact of added capacity is a conplex task
because of the intricate causal relationships anmong transportation
supply, land use, accessibility, and travel demand. The resulting
simultaneity and endogeneity make the use of conpl ex anal ytica
met hods inevitable; it is unreasonable to expect that sinplistic
anal yses based on linmted data bases will properly address the
i ssue.

At the sane tinme, changes in travel demand are difficult and
time consum ng to neasure precisely. Although carefully designed
eval uation studi es may offer valuable insights, the case-specific
nature of inpacts as discussed in CSI and JHK (1979) suggest that
generalization of their results may be difficult.

One conclusion to be drawn fromthis literature review is that
only limted utilization has been made of existing travel survey
results. Only a few studi es have used accessibility nmeasures while
no studi es have attenpted to exam ne the interaction between |and
use and travel. It is quite likely that this is due to
unavail ability of suitable data, despite the nmany origin/desti -
nati on surveys.

Traditional origin/destination surveys have been conducted in
practically every netropolitan area, quite often at up to three
time points that are approximately 10 years apart. Usually
nmet ropol i tan pl anni ng organi zati ons (MPCS) prepare network and | and
use data that acconpany origin-destination trip records. These
data files, however, do not seemto be well archived, well
docunented, or easily available for research purposes. |If conplete
trip, network, and | and-use data sets can be nmade avail able from
sel ected nmetropolitan areas of different sizes and densities, they
will forma powerful data base that will extend beyond the many
[imtations discussed in this study. The use of existing origin-
destination data appears to be a very cost-effective and an
expedi ti ous approach in addressing the added capacity issue. This
and other points are itemzed in the following tentative sunmmary of
this study:

- There is no enpirical indication that added capacity generates

a significant volume of induced traffic.

- The standard sequential procedure is ca-
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pabl e of forecasting diverted, transferred, and shifted
traffic.

- Abbrevi ated application of the procedure, unwarranted attenpts
to transfer nodels, and extrapol ation of the nodels to inap-
plicable options are unfortunately present.

- A better understanding of trip timng decision is necessary,
especially for non-work trips.

- A better understanding of trip chaining behavior is also
needed.

- | mpacts on auto ownership, residential and job | ocation
choice, and | and use need to be better understood and
i ncorporated into the forecasting procedure.

- Exi sting data can be better used with nore el aborate
statistical nethods to test behavioral theories.

- Exi sting data can be used in multi-regional and nulti-period
conparative anal yses of trip timng decisions, trip chaining
behavi or, and the issue of suppressed trips.

- Li kewi se, existing data can be used to exam ne the effect of



congestion on node and destination choice. Inproving the
conventional forecasting procedure can be best achieved

t hrough anal ysis of cross sectional data, because dynamc
nodel s derived from |l ongitudi nal (especially panel) data nmay
not be conpatible with cross-sectional nodels.

More wi despread use of panel surveys is encouraged.
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Not es

1This is not to say that transportation capacity al one can
i nduce growmth in an urban area. The extensive discussions on the
subj ect of transportation investnment and urban growth found in the
literature (e.g., Bone and Whl, 1959; Levitan, 1976) suggest that
transportation capacity is just one of the factors that jointly
contributes to grow h and devel opment (Deakin, 1991).

2Per haps nost realistic cases are anal yses of the shopping
trip frequency and destination choice (e.g.
Narula et al., 1983; Thill, 1985). But even they are extrenely
simplistic.

3This work is said to be the basis of Zahavi's UMOT node
system di scussed next (Zahavi and McLynn, 1983).

4These approaches do not consider the consolidation of severa
visits to several destinations into one trip chain (e.g., atripto
work and a trip to shop conbined to forma chain of work trip,
shopping trip, and home trip), or consolidation of several visits
made to the sane destination into me visit (e.g., one weekly
shopping trip instead of seven daily trips). Another weakness is
that no attention is given to how a time or nmonetary budget for
travel is established

5A not abl e exception is MICFCAST, a nodel system devel oped for
the Metropolitan Transportati on Conmission (MIC). This node
systemis discussed later in this paper

6However, note that ecol ogical correl ati ons are consequences;
they are not causes that will lead to changes in the future

7The approach frequently taken when multi-collinearity is



present is to elimnate some of the nulti-collinear variables to
produce a set of relatively independent explanatory variables. It
is not surprising if accessibility measures to be the first to be
el i m nat ed because, unlike household size, car ownership, or
i ncome, they are aggregate neasures defined for traffic zones. As
such, they are subject to measurenent errors and exhibit smaller
variations (see, e.g., MCarthy, 1969; Fleet and Robertson, 1968)
and are likely to have less significant coefficients associated
with them

8The problemis even nore conpl ex when regi onal denographic
and economic growh is take into account. This |eads to another
i ssue of whether transportation capacity |leads to regional growh
As noted earlier, the extensive discussions on this subject found
inthe literature suggest that transportation capacity is just one
of the contributing factors.

9A very recent, notable exception is a study of a new ring
road in Anmsterdam the Netherlands, to be presented at the
forthcom ng 1992 TRB Annual Meeting. Unfortunately witten
docunents are not available in time for " presentation

10The term "induced traffic, " is used in a broader sense to
i ncl ude both induced and shifted traffic as defined by Z nmrermann
et al. (1974).
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Effects of Added Transportati on Capacity on Devel opnent

M chael V Dyett, AICP
Bl ayney, Dyett, G eenburg

Types of Effects on Devel opnent
Added transportation capacity, both inprovenents to the
exi sting systemand new facilities and services, may affect the
foll ow ng aspects of urban devel opnent:
- Location (distribution effects versus grow h-i nduci ng
effects -net additions)
- Type (residential versus commercial/industrial)
- Density/intensity(new devel opnment versus redevel opnent)
- Timng of projects, |ease-up and occupancy

How Devel oprment Effects Cccur

Land use effects traditionally are determ ned on the basis of
changes in accessibility, which in turn affect peak-hour trips,
particul arly honme-based work trips.

M ssing Link: Inpact of added capacity on |atent travel
demand, primarily related to discretionary, non-work trips, and the
resulting inplications for |and use and pressures for new
devel oprment and redevel oprment (intensification of use).

In urbani zed areas, additional transportation capacity al one
may facilitate or pronote devel opnent, while in urbanizing and new
grow h areas, whol e packages of facilities, including water, sewer
and drai nage i nprovenents, and schools, are needed.

Setting



Factors affecting the magnitude of devel opnent incl ude:

- Land use constraints (geographic, econonmic, and political)

- Local and regional planning environment (high-regulating
versus | owregul ati ng comunities)

Di nensi ons of New Capacity

- Types of inprovenents (facility and service inprovenents for
exi sting systens versus additions to the system- new hi ghway
and transit capacity)

- Location (central city, older urban areas, urbanizing fringe,
free-standi ng conmuni ties)

Strategies for Dealing with Devel opnent |npacts

The key is effective, |ong-range, conprehensive, coordinated
| and use and transportation planning supported by |ocal political
| eaders. Transportation inprovenents as well as private
devel opnent projects consistent with such plans should not be
consi dered growth inducing and shoul d not be subject to separate
i npact analysis and mitigation beyond "fairshare" contributions to
cityw de inprovenents and specific, off-site inprovenments not
contenpl ated by the local jurisdiction s conprehensive plan

VWhen political |eadership does not "buy into" such planning
cal solutions rarely are feasible. Myreover, new capacity is
likely to have greater grow h-inducing effects, especially if other
public facilities and services are avail able to accommpdat e new
devel opnent .

I n maki ng deci sions on whether to add transportation capacity
and to approve mmjor devel opnent projects, federal, state and | ocal
of ficials should focus on how to resolve conflicts through multi-
jurisdictional planning, not
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how to solve transportation problenms w th nanagenent, engineering
or pricing proposals that they not have political consensus. It
al so nmakes sense to distinguish projects that are consistent with
conprehensi ve p and zoning fromthose requiring plan amendnents and
rezoni ng. The deci si on- maki ng process shoul d include the foll ow ng
st eps:
- Desi gn equi tabl e proposal s;
- Facilitate constructive negotiation with the comunity and
bet ween affected jurisdictions;
- Make deci si ons based on pl ans and packages of i nprovenents,
not individual inprovenment projects which are not correl ated
with land use pl ans; and
- Conpensat e those adversely affected

Approaches for Studying These inpacts

Two sets of research questions are posed; the first is related
to general issues of concern about devel opnent inpacts, while the
second focus nore specifically on questions related to the
devel opnent process and the role of added transportation capacity
i n devel opnent deci si ons.

General Consi derations

- I f adding capacity in a built area does not noticeably reduce
congesti on because of |atent demand and i nduced devel opnent,
why are we doing it? Is it just to increase mobility with



Speci

98

rel ated econom c benefits? Wat about nobility for the

di sadvant aged areas?

VWhat criteria should be used to eval uate the devel opnent

i npacts of transportation inprovenent projects in urban areas,
recogni zing the inpossibility of congestion reduction in urban
areas over the long term(safety, mobility, |and use com
patibility, fit with |ocal planning policies and conmunity
needs, air quality inplications, desire to influence node
split)?

If level of service standards are correlated with | and use,
how shoul d t hrough-traffic be evaluated in judging | oca
conpliance with these standards? Shoul d different standards be
used for the urban core versus the urbanizing fringe of
nmetropol i tan areas?

Recogni zi ng that congestion is needed to get people to change
travel habits, does it make sense to use |evel of service
standards for individual transportation and private

devel opnent projects, or should they be reserved for system
and corridor planning?

Under what conditions can new capacity be added wi t hout
growt h-i nduci ng effects?

VWen will new capacity contribute to "econom cs of

aggl oneration" or, by contrast, foster nmore dispersed

devel opnent ?

How shoul d such devel opnent stimuli be incorporated into
travel demand nodel i ng?

VWhen is added capacity really "new' and, therefore, growth

i nduci ng? Many proposed projects have been on | ocal and
regional plans for years, so effects on new devel opnent are
difficult to isolate.

Does it nmake sense to distinguish inprovenents oriented to new
devel opnent, recogni zing that trips per capita have been

i ncreasing and there is no baseline of unchangi ng demand? Is
the potential for induced travel the same, and what are the
resulting land use inplications?

fic Questions Rel ated to Devel opnent Process

How do devel opers percei ve access versus congestion? Al though
access is nore inportant, does the potential for future
congestion affect cal cul ations of project value and internal
rate of return, or is congestion considered a cost of doing
business that is unlikely to affect project |ease up rates?
Does a proposed congesti on managenent programtranslate into
different, higher capitalization rates for revenue-produc-
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ing property? Can these in turn be used to calculate an
ability to pay for off-site inprovenents?

VWhen do strategi es designed to pronote jobs/housing be have an
i mpact on trip lengths and other travel characteristics (trip
generation, node split, etc.)?

VWhat is the duration of devel opment effects attributable to
added transportation capacity? Are they short-run in nature
resulting in "one-time" shifts which then dimnish as
congestion increases, or is the perceived inprovenent in
mobility resulting in a |arger conmmute shed or greater
potential retail market of |onger-term econom c benefit?

Regi onal I nplications:



Model ing Studies in the San Franci sco Bay Area

- Bui Il d versus no-build scenarios for Metropolitan
Transportati on Conmm ssi on

- Implications for |and use

Associ ation of Bay Area Governnents, Assessing the Future. A
Sensitivity Analysis of highway and Road | nprovenments on Gowh in
the San Franci sco Bay Area, Gakland, April 1991 (Wirking Paper 91-4).
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Institutional, Financial, and Social Inpacts of Induced
Transportation:
Specul ati ons on the Need for Research

Shel don M Edner
Pl anni ng Support Branch
Federal Hi ghway Adm nistration

Focus

Additional capacity in a corridor primarily affects the
di stribution of presumed subsidiary benefits of transportation
i nprovenments. While the primary beneficiary may be the transport
user, inprovenents are often justified in terns of their
contribution to devel opnent (econom c and otherwi se) or mtigation
of transportation related problens (e.g., congestion, air
pol lution, nobility disadvantage, etc.). These issues are not
spatially limted to the corridor, but extend out reciprocally into
t he broader community in terns of inpacts and the acquisition of
resources to construct the added capacity. Hence, corridor
i nprovenents, both generically and specifically (in ternms of adding
carrying capacity), tend to shift existing balances in terns of
institutional and comunity goals. Further, they are susceptible
to significant environnental (economc, social, technol ogical
etc.) influences because their consequences and benefits are not
l[imted to or based solely on the user

Key |ssues

Changes in spatial accessibility: Who benefits, who | oses?

- Regi on

- Conmuni ty

- Nei ghbor hood

VWhat is the inpact on coalitions that controls decision maki ng and
is affected by spatial distributions of benefits?

VWho is inpacted by plan and project time horizons?
Who controls the horizon?

How shoul d the sub-regional benefit distribution of regiona
proj ects be handl ed?

Fl exi bl e versus inflexible systens: adapting to changi ng
nmetropolitan contexts (intervention of political, econonic,
technol ogi cal, and soci al change) ?



Institutional Questions
| npact of overlapping jurisdictional boundaries:

- Integration of general and special purpose governnents units

- Rol e of quasi-governnent agencies
- Dynam c versus fixed boundari es

Nunber, kind, and role of institutions:
- Pl anni ng processes and deci si ons

- Operating agency rol e

- Li nki ng pl ans and operati ons

Ri ppl e effects:

- ROW acqui sitions and corridor preservation
- Zoni ng

- Long-term | and- use pl ans

- Utilization of ancillary systens

- Feeder systens

- Enpl oyer incentives

- Desi gn st andards

G owt h boundaries and managenent:
- Ur ban versus rura
- Ur ban, suburban, and exurban
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Fi nanci al | ssues

- Scarce resources

- Time lags in resource commtnents
- Rel ati ve stake and share

- Political trade-offs in tine

- Public versus private goals: costs of alternative financing

Time Horizon: Who and How Far Qut Are Pl ans Made?
- I nconsi stent horizons for institutions

Changi ng the Local Decision Cal cul us
- VWat makes a coalition?

- Witten and unwitten rules

- Exchange, dependency

Intervening Issues: Differential Consequences of Comm tnents
- Convention centers

- Jails

- Air quality

- Ener gy

- Housi ng

I nformati on and Deci si onmaki ng: Wio Knows What |s CGoing On?.
- Bui l ding permts, zoning, plans, and construction

- Bi g devel oprent s

- Construction of conplenentary systens (e.g., sewers)

- Aggregate inmpact of multiple snmall devel opnents

Soci al I npacts
- Soci al equality
- Forcing, |eading, or follow ng social change
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- Meeting the needs of special classes
- Quality of life
- Conmuni ty size and induced traffic

Synt hesi s

Addi tional capacity has been a long-termtradition of corridor
i nprovenment as a matter of professional and technical practice.
VWiile in some cases it has been extended extraordinarily by
political notivation and capacity beyond that necessary to serve,
current demand has been validated as a matter of prudent profes-
sional judgment. Deciding when it is excessive is a product of
multiple factors beyond potential demand. The issue at stake is
defi ni ng excessive capacity in an era when our social, econonic,
and institutional capacity is far lower it nmay have been in the
past. The degree to which we can estimate unneeded capacity and
devel op a pl anni ng process capabl e of incorporating all the
necessary factors of excessive capacity is the key contenporary
chal l enge. A suppl enentary chal l enge is including new, influential
actors in the decision process and anticipating maj or soci oeconomi c
forces as capacity is added.

Key Questions

- To what extent is the corridor devel opnent planni ng process
capabl e of anticipating all the possible actors that shoul d be
i ncl uded?

- VWhat kind of forecasting should be done to anticipate the
i nfl uences of econom c change, technol ogi cal forecasting, and
soci al change?

- Shoul d the nature of the Metropolitan Planning Organi zation
process be changed to broaden its menbership and focus beyond
traditional participants' concerns?

- Does conprehensive and/or |and use planning hold the key to
mtigating the consequences of additional capacity?

- Shoul d financing be separated institutionally from capacity
desi gn and construction?

- Are there better mechanisns for identifying the non-transport,
non-spati al benefits of transportation inprovenments?
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Envi ronnmental Effects of Added Transportati on Capacity

John H. Suhr bi er
Princi pal, Canbridge Systens, Inc.

Summar y

The inmportance of environnental considerations in devel opi ng
added transportation capacity continues to increase. The
preparation of environnmental inpact statenents may have becone nore
routi ne over the |last 20 years as experience with inpact anal ysis
met hodol ogi es has becone nore sophisticated. The influence of a
wi de range of environnental and conmunity concerns on the outcone
of actual decisions, though, has both increased and becone nore
conplex. This is seen in both the kinds of transportation
alternatives that are now being exam ned and in the additional re-
qui renents that are being placed on travel demand forecasting
nmet hodol ogies. In particular, significant attention is being given
to travel demand managenent strategies and to the devel opnent of
internodal facilities for the novenment of freight and peopl e.

The G ean Air Act Anendnments of 1990 (1990 CAAA) represent an



i nportant exanple of environmental influences on transportation
The requirements of conformity of air quality and transportation
pl ans are receiving considerable attention. However, there are
other inportant analytical inplications of the 1990 CAAA. These
i ncl ude the preparation of spatially and tenporarily di saggregated
em ssions inventories; the monitoring of em ssions, congestion,
vehicle mles traveled (VMI) and vehicle occupancy rates, and the
ability to analyze the effectiveness of pricing and other market-
based economic incentives. There is a need to inprove the

i nterface between transportati on and em ssions nodels, especially
with respect to the prediction of accurate estimtes of vehicle
operating speed and acceleration. In addition, trip rather than
VMT- based em ssions estinmates are needed.

Air quality transportation anal yses traditionally have
focussed on node choice inpacts. Metropolitan areas, however, are
i ncreasingly examning a variety of |and-use and grow h managenent
actions in concert with the devel opnent of new or expanded
transportation facilities. This is resulting in the need to
exam ne the influence of new transportation infrastructure on the
patterns of housing and enpl oynent |ocation. |In support of these
associ ated anal ysis requirements, interactive |and use/
transportati on nodel systens increasingly are being enpl oyed.

There is also a recognition that environnental considerations
must be given increased weight in the devel opnent of transportation
system plans and in the prioritization and progranm ng of
i ndividual projects. This is necessary to respond not only to the
br oader range of policy concerns but also to the increased funding
flexibility, strengthened regional decisionnmaking, and the desire
to address tradeoffs between preservation and increased capacity.

In brief, the attention being given to issues such as
congesti on nanagenent, air quality, downtown revitalization
airport access, and growth managenment is resulting in a need to
enhance current transportation analysis and nodeling capabilities.
Many short-term i nprovenents are possible, including incorporation
of better interactions anong the traditional four-step nodels.
More fundanmentally, there may be a need for an entire new
generation of travel demand nodel systenms. Building upon a
geogr aphi c informati on system foundati on
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these systens woul d refl ect an expanded range of policy
sensitivity, disaggregate or market segment forecasting approaches,
and i ncorporate the influence which added transportati on capacity
may have on devel oped patterns.
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Use of Travel Forecasting Mddels to Evaluate the Travel and
Envi ronnmental Effects of Added Transportati on Capacity

Dani el Brand
Charl es River Associ ates

I nt roduction

Wil e significant additions of highway capacity have slowed in
maj or netropolitan areas over the |l ast two decades, a nunber of
i mportant construction and wi dening projects are still being



consi dered. However:

Al nost by default, environmental regulations - and the

rel entl ess advocates who use them nost effectively - have

begun to dictate the physical shape and priorities of the

region. Fromthe nost anbitious bridges to the small est

pl ayground, from airports and hi ghways to shopping malls and

boat slips, legal requirements and protests rather planning

now orchestrate nearly every decision a builder or governnent
can make (Specter 1991, B1).

The 1990 Cean Air Act Arendnents (1990 CAAA) require explicit
consi deration of whether adding transportation capacity produces
nore, rather less, air pollution. Indeed, they establish the
princi ple of regional em ssion budgets and conformty to the ems-
sion reduction schedul es contained in State |nplenentation Plans
(SIPs). Wth the inportant exception of UMIA's Alternatives
Anal ysis cost-effectiveness requirement for mgjor transit
i nvestnments, the 1990 CAAA requirements appear to be the first
significant substantive effectiveness standard by the federa
government for new transportation projects.

The principle that travel volumes increase as travel is nade
easi er by adding transportation capacity is well established. More
specifically, the conference organizers state

The question being increasingly raised is whether adding
capacity is producing nore, rather less, air pollution
Current transportation practice generally assumes that adding
transportation capacity relieves congestion, reduces del ay,
permts travel at nore efficient speeds, and therefore reduces
air polluting em ssions.

Few (if any) existing trip generation nodels consider the
effects of added capacity to stinulate new travel. The
effects of increased trip distance and node shift may be
accomodated by current travel forecasting and growth
al | ocati on nodel s.

It is clear however fromrecent |egal proceedi ngs that
busi ness as usual for assessing the effects of roadway
i nprovenents on air quality will no | onger be acceptable.
Future air quality assessnments will have to determ ne whet her
the potential em ssions reductions attributable to inprove
speeds and del ay wi n exceed the additional em ssions possibly
generated by induced traffic. This poses the possibility that
all traditional trip generation nodels, and perhaps ot her
nodel s as well, may have to be revised. It is critically
i mportant to increase understanding of the effects of added
capacity on all aspects of travel and to decide if and what
i nprovenents to forecasting procedures are necessary in order
to accurately assess the air quality effects of added
transportati on capacity.
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The purpose of this presentation is to discuss and recomend
i nprovenents to travel forecasting procedures which are required
"to accurately assess the air quality effects of added
transportation capacity."”

Shortcom ngs of Current Urban Travel Forecasting Mdel s

It would appear that we have conme to the end of the era of
assuming fixed trip tables, and even fixed |oading points, as in
the case of the West Side H ghway Project (WSHR) trave
"model s"whi ch assunmed no change in Hudson River bridge and tunne
vol umes between all WSHR alternatives, including the no build.



Cearly, a fixed amount of travel on a currently congested hi ghway
(or highways across a screenline) will result in better air quality
as capacity is added. However, it would appear that such anal yses
are no | onger acceptable under the 1990 CAAA, if they ever were.

In general, the shortcom ngs of today's travel forecasting
nodel s in the context of the 1990 CAAA have been known for many
years. Twenty years ago, this author wote:

Current practice in predicting quantity of travel on
transportati on networks is based on the theory of equilibrium
bet ween supply and demand on the transportati on network. That
is, there should be an equality between the travel conditions
found (such as times and costs) on the | oaded network and the
travel conditions used as input to the prediction. The
current procedure is to nodel travel behavior as a series of
sequenti al, independent chokes of trip generation, trip
distribution, nodal split, and ¢ (route) assignnent. Land use
forecasting precedes travel forecasting as a separate step.

For each travel choice, the existing pattern of usage in the

region at the prevailing equilibriumbetween supply and demand

isrelated to a small set (often one) of independent
variables. The trend or description is then assuned to hold
in the future.

For exanple, trip distribution is nodeled as a function
of a sinple description of trip lengths that prevailed at the
equi | i brium between supply and demand represented in the base-
date data file. The usual trip-generation procedure relates
total trips in and out of a zone only to neasures of the
activities existing in the zone. The assunption is nmade that
total travel, as measured by trip ends, varies only as
devel opnent varies, not as conditions on the tested networks
change.

In addition, there are conputational and |ogica
difficulties in bringing the predicted travel conditions into
line with the conditions (if any) used as input to each of the
conponent travel choice nmobdels. There is no assurance that
travel times and costs resulting fromtraffic assignment wn
equal travel times and costs explicitly or inplicitly input
into each sequentially applied nodel of conponent trave
choice - that is, that an internally consistent network
equi libriumw || be produced.

One may reflect that the urban transportation studies in
the 1950's and the 1960's took the easy way out by equating
usage (a constant) with demand in calibrating nodels. For
existing conditions, the nodels fit well wth usage. Not
general ly recogni zed was that present usage is nerely a fixed
guantity of travel demanded at existing |levels of supply,
accessibility, and benefits fromthe opportunities at existing
trip ends. The sinple trends of descriptions contained in the
conventional nodel s cannot be predicted forward with nuch
confidence in a situation as conplex as travel wi an urban
regi on.

The shortcom ngs of the conventional nodels increase when
predi ctions are made of travel on congested networks (i.e.
when snmall changes in assigned travel volunes result mlarge
changes mlink travel times and del ays).

Since | arge-capacity, relatively congestion-free
expressways in high-density urban areas are increasingly
difficult (if not inmpossible) to build in the era of urban
hi gh-
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way controversies, we can look forward to the future

equi | i brium between supply and demand being quite different
fromthat which existed in the early | % when npost of our

| arge-scal e transportation study data collection took place
Soci ety's changi ng val ues introduce new conditions and
information requirenments in the transportati on nodeling
process.

Qperationality in transportation planning today requires
denonstrating how smal l er transportati on systens accomodat e
smal | er amounts of travel and how greater systens accommodat e
greater anmounts of travel. Savings in resources expended by
travelers (i.e., user benefits) fromtransportation
i mprovenents nust be accurately cal cul ated and vary
appropriately with the total resources expended by society to
provi de those benefits. The latter resources, which are
i ncreasi ngly high valued by society, include air and noise
pol I ution, safety, community disruption and many other effects
that are external to the calculation of travel demand in a
predictive nodel. Accurate travel forecasts are needed to
cal cul ate their magnitudes.

Only by expl ai ning the causal relations underlying trave
demand can accurate forecasts be made of future changes in the
performance of a transportation systemas |and uses and
transportation facilities change. Energing val ues and
informati on requirements of transportation decision makers
require policy-sensitive demand nodels in transportation
pl anni ng (Brand 1973, 10-11).

Wy New Hi ghways | ncrease Travel

In theory, any addition of transportation capacity that
reduces the tines and costs of travel will cause people to consume
nore travel. Travel decisions involve a series of tradeoffs people
make between the tines and costs of travel on all avail able
alternatives and the benefits of travel at the trip ends. Figure 1
illustrates the supply/demand nechani sm whi ch governs this
behavi or.

Until now, our experience with changes in travel choice
behavi or has been derived primarily fromtravel responses to
transportation inprovenents. These inprovenents have enl arged the
area within which individuals travel to obtain benefits at the trip
end. The past few decades in urban transportation have been
characterized by high capacity, high speed transportation
i nprovenments such as expressways and high capital rail transit
systens and extensions. These have nmade possible travel and
settl ement on new | and whi ch has been incorporated into our
metropolitan areas. These investnents have al so merged and fuzzed
t he boundari es between suburbia and settlenents in rural areas
outside the nmetropolitan areas. Ooviously, the effects of these
nost recent investnents in urban transportation are still shaking
t hensel ves out

For better or worse, our mmjor transportation investnents,
whi ch have increased | abor productivity and econom c devel opnent,
have sown sone of the seeds of their own failure, as is so often
the case in our conplex econom c system Qur success in increasing
real inconmes in our society through transportati on and ot her
econom ¢ i nvestments has resulted in increased demand for housing
to inprove our standard of living. The well-known result of this
is that higher real incones |ead our urban popul ations to nmove
farther out fromthe center of our cities because there they can
consune nore housing and land, as well as nore travel, at a | ower
total cost for the entire package. Until now, the added utility of
cheaper | and, housing, and green grass farther away fromour city
centers has been greater for our nore affluent urban popul ation
the added disutility of the transportation cost of traveling to and
fromtheir dispersed housing, enploynment, shopping, etc.



However, we may be faced with a situation where congestion is
i ncreasingly out of control in our netropolitan areas. The
aut onobi | e/ hi ghway systemis a classic exanple of a
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system characteri zed by individual choice behavior that puts
private interests over the public interest. Every tinme a person
drives a car onto a congested roadway, far nore aggregate delay is
i nposed on others - on the systemthan on the driver. This
aggregate delay on others results in far nore air pollution and
energy consunption by others by the individual who is causing the
delay and pollution. |In economc ternms, the marginal private cost
of highway travel is much |ess than the marginal social cost of
travel on the already congested hi ghway system In fact, the nore
congested the highway corridor, the greater the difference between
the margi nal social and marginal private costs of naking a trip by
auto (De Corla Souza 1990).

Congestion is a price the systeminposes as a result of
private decisions to locate in sprawling regions and on | arger
plots of land, farther away fromwork and shopping. And as we
deci de to spend increasing anmounts of noney on housing, we don't
know the transportati on price our decisions inpose on everyone
el se. We invest heavily in expensive housing wthout confronting
the total cost of our location decisions. This leads to rea
inefficiencies; the systemhas lost its ability to confront
consunmers with the real costs of their decisions. This is as true
in the long-run for our |and use |ocation decisions that generate
congestion as it is in the short-run for our individual trave
deci si ons.

There are reasons that new transportation investnments
acconpani ed by better information for travelers can result in |ess
congestion and added travel wi thout features (Brand 1992).
However, in general, except for some very special circunstances,
new transportation capacity that nakes travel "easier" wll
i ncrease travel. The question remains: will the increased trave
result in increased air pollution?

The Rol e of Forecasting Mddels in Evaluating Air Quality

Clearly, inproved travel forecasting nodels are avail able and
wi the state of the art to accurately assess the air quality
ef fects of added transportation capacity. No one shoul d doubt that
i nproved forecasting nodels are the principal way to address this
guestion. Since travel in a netropolitan area is influenced by
many factors which change at the sanme time, direct observation of
the effects of changes in individual causal variables that may
af fect the dependent variables of interest (i.e, travel and air
pol lution)is necessary. The problemis to specify and structure
t hese nodel s properly.

Pl anners shoul d be aware that the travel forecasting
techni ques used in transportation planning for the |last 30 years
have their own inplicit rules of behavior. Behavior rules include
not only those inplied by the independent variables included (and
correl ations between these and variabl es not included: the
unobserved attributes); the changes described by the data (e.g,
behavi or on new versus devel oped | and, direction of change, cross-
sectional versus tine series data); and the estimated coefficients
with their assunptions on the distributions of tastes in the
popul ati on; but behavior rules also include those on the structure
of the travel choices (e.g., the sequence of choices) and choice
alternatives (e.g., alternative destinations) over which the nodels



are applied. A better and broader understanding of the rul es of
behavi or enbedded in current travel forecasting ques(e g., trip
generation equations, gravity and logit nodels) is needed anong

pl anners. A full understanding of the choice structure inplied by
t he nodel s being used can help in using nodels efficiently and in
sel ecting appropriate forecasting nodels. Lack of know edge of a
nodel 's inplied choke behavior may lead to grievous errors inits
application. Exanples of such problens with existing nodels and
their consequences will be given mthe presentation
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Speci fi ¢ Recommendat i ons

Utimately, an accurate assessnent of the air quality effects
of adding transportation capacity can be nmade only with trave
nodel s which are properly enbedded in the ong run -genera
equi |l i brium nodel s that explain how | and use and travel vary
simul taneously with added transportation capacity. Only these
nodel s can control for (hold constant) all the other factors that
af fect travel (assum ng they have been estimated properly).

Such ultimate general equilibriumnodels may seemli ke too
tall an order - too far to reach - even in this nationa
conference. However, we need | ook no farther the last |arge
research project to investigate the rel ationship between
transportation supply and added travel to realize our problem

Al t hough the researchers have concluded that there is a
hi ghway supply relationship, this relationship is not direct.
A conpl ex causal change exists: highway supply changes bring
about travel time and cost (Ievel-of-service) changes, which
inturn, effect travel pattern changes. |In the short-run
travel patterns and levels of service interact, resulting in
an equilibrium In the long run, the short run changes (wth
many ot her factors) influence future |and use patterns. These
| and uses influence travel patterns, which nmust again reach an
equilibriumby interacting with highway | evels of service. 1In
both the short run and the long run, VM |evels exist as one
of many aggregate measures of the inpacts of the highway
suppl y changes.

The conplexity of this causal |inkage between hi ghway
supply and VMI' has two inportant consequences: first, the
direction of VMI changes because a gi ven hi ghway supply change
can vary; second, there are many variables that affect both
the direction and the nagni tude of VMI changes (NCHRP 1980,

2).

This research project attenpted to measure the VM inpacts of
two maj or highway additions in the San Francisco region - with
i nconclusive results. The research was never formally published

The first recomrendation, therefore, is to carry out further
research in this area, including the devel oprent of |and use or
general equilibriumnodels. These would enable the prediction of
| and use and travel sinultaneously as these are determned by a
given transportation system- inproved over today's - and by the
many ot her determ ning factors which will be described at this
conf er ence.

The second recomendation is that we should be forecasting
travel in urban areas, not with trip generation equations that are
insensitive to travel conditions (as per the shortcom ngs of current
forecasting nodel s cited above), but with direct demand nodel s
whi ch are valid descriptions of travel demand, given a fixed | and
use distribution (Donmencich 1968, 64). Direct demand nodel s
forecast travel directly by node between origins and destinations



(perhaps, even by tine of day) as a function of the activity
systens at the origins and destinations. The price and service

conditions are forecast by the node and all its substitutes.
Direct demand nodel s are thensel ves sinplifications of the
general nodel. They are partial equilibriumnodels which describe

how part of the system behaves in order for it to be in equilibrium
with the rest of the system Thus, we nodel the behavior of the
tri p-maker who considers all trip-end opportunities fixed. This
doesn't necessarily nean that this separation is at fault It only
nmeans that:
- The | ong-run nodels nust be structurally valid, and
- The short-run nmodel s should incorporate relati ons anong trave
and its determinants that are expected to remain valid in the
future
Exanpl es of how the current, sequentially applied trave
nodels (e.g., trip generation, distribution, etc.) violate the
second condition were given above under "Shortcom ngs."
Regar dl ess of whether they describe full or partial
equilibria, the air quality forecasting
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travel nodels must al so contain appropriate supply/demand
equi |l i bration nechani snms that measure that the changes in trave
times and ot her neasures of system performance that give rise to
travel (as input to the nodel) are the same as those produced by
the nodel. This congestion sensitivity is the only way to test the
assunption we generally make today "that adding transportation
capacity relieves congestion, reduces delay, permts travel at nore
efficient speeds, and therefore reduces air polluting emssions."
The third and final recomendation is that we need
consi derabl e research and devel opment of inproved (structural)
travel demand nodel s which are sensitive to the great nunber of
"non-traditional - transportation inprovenents called for under the
1990 CAAA. Specifically, Section 108(f) of the 1990 CAAA |ists and
describes 16 transportati on control measures (TCM5) which have been
described in an EPA gui dance (EPA 1991). Since these TCM5, in many
cases, involve constraining highway travel, we know very little of
their effects on travel. Considerable travel nodeling work in this
area i s needed to be able to forecast the contribution of these
TCMs to nmeeting the air quality objectives of our SIPS.
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Travel and Locational Inpacts of Added Transportation Capacity
Experi nment al Desi gns

Pet er St opher
Director, Louisiana Transportation Research Center and Professor of
G vil Engineering, Louisiana State University

I ntroduction

The purpose of this paper is to explore experinental designs
for neasuring the travel effects of adding transportation capacity,
particularly to a congested transportation system Theory had
deduced that nine potential effects may ari se when capacity is
added to a congested travel corridor (Stopher, 1992; Harvey and
Deakin, 1991). Briefly, these effects or inpacts are:
- Rout e changes
- Mode changes
- Trip timng changes
- Desti nati on changes
- Trip frequency/trip chai ning changes
- Aut o owner shi p changes
- Resi denti al |ocation changes
- Enpl oynent | ocati on changes
- Regi onal growth changes in either or both popul ati on and

enpl oyment

It is inportant to distinguish that the first five of these
are likely to be short- to medi umterm changes, taking place
anywhere fromthe day of opening of the new capacity to sonetine
probably within the first one to two years fromthe capacity
addition. On the other hand, the latter four changes are likely to
be medium to longterm with nost effects showi ng up at |east one
or two years after capacity addition and up to naybe ten years or
nore later. This neans that the first five changes may be com
paratively easy to nmeasure in relation to either an actual capacity
addition or a description of a possible capacity addition, while
the latter four are likely to be conmparatively difficult to nea-
sure. The measurenment difficulties for the | ongterm changes will
arise in large part fromthe fact that, as nore tine passes, other
events and changes quite distinct fromthe capacity addition wll
cause changes in each of auto ownership, enploynent and residence
| ocations, and overall regional growh. These will include famly



life-cycle changes; cyclical changes in the |ocal, regional, and
nati onal econonies; new technol ogi es; changi ng val ues; and both
manmade and natural disasters.

One might also argue that if it is necessary to spend ten or
nore years to determne if certain of these effects take place and
ascertain their magnitude, this may be much too late to inpact the
i nvest ment deci sions being nade in the next several years. Such an
argunent suggests a redundancy m measuring long-termeffects of
this nature. This author woul d, however, disagree with such a
notion, in that the then - current problens, the nature of which is
as yet uncertain, may well be a result of actions taken in years
precedi ng, so that such a longtermstudy will illum nate nuch in
the causality of transportation problens. Therefore, this paper
wi Il consider the potential to measure even quite |long-term
effects, even if a decade or nore is required for neasurenent The
i ssues to be addressed are nmuch nore concerned with how to account
for the tine-dependent aspects of the externalities than with the
total length of time, per se, that may be required for neasurenent.
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Two additional context issues are inportant to consider
St opher (1992) has argued that nost of the effects of added
capacity that are the focus of this paper will occur in urban areas
or major corridors of urban areas that experience congestion that
is significant in both duration and geographic extent. Thus, in a
systemthat is largely un congested except for a specific capacity-
rel ated bottl eneck, nost of the effects are unlikely to occur or
are likely to be very small in magnitude. Second, much of the
theory and anecdotal information that supports the contentions that
capacity increases cause the array of effects described earlier in
this introduction, maintains that the effects are substantially
nmore significant in |larger urban areas than in snmaller ones (Renmak
and Rosenbl oom 1976).

Thus, any experinental design should preferably be focused on
| arger urban areas (perhaps those with at least 1 million popul a-
tion) and al so on those where congestion is fairly w despread in
time and along at least two or nore significant transportation
corridors. However, to the extent that resources may allow, it
woul d be of considerable value to performthe experinents in
several locations (at least four), so that variability in size and
extent of congestion could be included. The m ni mum of four
| ocations is suggested on the grounds that:
- Two points always lie on a straight line, so that no

significant conclusion could be drawn fromtwo | ocations and
- VWhile four points are still inadequate for statistica

significance, they allow sufficient variability to determ ne

if effects may be postulated to vary with either popul ation or

extent of congestion.

It is also appropriate to note here that neasurenent of the
types of changes theoretically expected as a result of capacity
i ncreases may be done w thout any such capacity increases being
undertaken. The argunents that define the inpacts of capacity
i ncreases are mirror-inmage argunments about how people re-- ac-t-to
i ncreasing | evels of congestion. |If oneis willing to assune that
this reversibility principle holds, then it is possible to neasure
t he context of increasing congestion and how people respond to it.
Thus, if nearer destinations are substituted for farther ones,
trips becone chained or reschedul ed, people shift fromusing the
car to using public transit, and, in the |onger run, auto ownership
i s decreased; and hone or workplace is relocated to reduce the
travel time involved in commuting. It may be concluded, then, that



each of these changes is potentially reversed when a capacity
increase is provided. This notion is used in considering the
experimental designs that follow

This section el aborates on the experinental design that would
result fromthe conprehensive strategy. The next section outlines
t hree possi bl e generic approaches to the experinental design. The
follow ng three sections take each of these experinental designs,
el aborate on them and review the pros and cons of each. The sixth
section of the paper suggests a conprehensive strategy that
conbi nes el ements of each of the three approaches. This section
el aborates on the experinmental design that would result fromthe
conprehensi ve strategy. The final section draws concl usions that
represent initial possible recommendati ons on the experinental design
that coul d be i npl enent ed.

The paper is intended to be a resource docunent that wll
provoke new t hi nki ng and di scussion. Therefore, it is not intended to be
exhausti ve on possi bl e experinental designs but, instead, to dea
in depth with three different designs that may help illum nate both
the opportunities and the problenms. It is the author's hope that
three designs and the conprehensive strategy will serve to set
ot hers thinking and may produce yet other, nore effective designs.

Revi ew of Approaches

Three categories of experinmental approach are considered in
this paper. Each approach has certain strengths as well as certain
weaknesses as many as possible of which should be explored. A
conbi nati on of approaches nmay offer the strongest experinental
desi gn because of
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the ability of such a strategy to offset weaknesses of the
i ndi vi dual approaches, and also to offer some instances of two or
nore ways to neasure the saran effect. Three approaches consi dered
in this paper are:
- The case study
- Attitudinal and preferential surveys
- Longi tudi nal panel surveys

In the remai nder of this section, a brief description of each
approach is provided. The follow ng sections then explore the
strengt hs and weaknesses of each.

The Case Study

The case study involves selecting a corridor in which a
capacity expansion is to be provided. The approach would involve a
before study to determine travel patterns in the currently
congested corridor, followed by a series of after studies spanning
several years to obtain data on changes arising fromthe capacity-
expansi on project. The sanples for the before and after surveys
woul d be drawn not only fromthe inmediate vicinity of the project,
but also froma larger study area wi the potential influence area
of the project. Surveys would nost |ikely be conducted on both
residents and busi nesses within the total study area. The surveys
woul d be expected to report on reveal ed preference for residents
and busi nesses alike, i.e., providing data on what people and
enpl oyers currently do in relation to choices involving each of the
i ssues of concern in capacity expansi on and congestion

Attitudinal and Preferential Surveys



Wth the attitudinal and preferential approach, a nunber of
di stinct surveys can be included. The approach can be used w thout
an actual capacity expansion project, although use in conjunction
with a project nmay be desirable. Anong the included surveys are
focus groups, attitudinal surveys of both residents and enpl oyers,
and stated preference surveys of residents and enpl oyers.

Focus groups could be conducted with groups of residents and
enpl oyers to determ ne the extent to which congestion inpacts their
choices relating to destinations, nodes, time of day, |ocation
aut o ownership, etc, and whether or not such choices are
potentially affected by a change in the congestion |evels as woul d
occur when capacity is added. Building on the results of such
focus groups, attitudinal surveys could be designed that woul d
measur e congestion and capacity-increase inpacts on travel
| ocation, and auto ownership on psychol ogi cal scal es of inportance,
propensity to change, etc. A nore quantified approach would result
from desi gni ng st ated-preference surveys of residents and
enpl oyers, based on the focus groups, and offering the standard
types of trade-off questions in a stated-preference design. Such a
survey could be conducted in a variety of |ocations and at
different times to produce a nore extensive array of responses on
congestion and capacity-increase effects.

Longi tudi nal Panel Surveys

A longitudi nal panel survey would be undertaken in at |east
one of two ways: either an actual capacity-increasing project
situation in which the panel is initiated prior to the project and
continued for several years after; or using a selection of areas
where congestion is changi ng and determ ni ng how panel behavi or or
attitudes and preferences change over time as congestion al so
changes. An inportant aspect of a |ongitudinal panel is that it
woul d, in this case, follow residents and enpl oyers who nove away
fromthe | ocati on where they were when the panel was initiated.
This woul d be inmportant as a means to determ ne the extent to which
rel ocati on solved the problens arising from congestion

Panel surveys could use either reveal ed preference neasures,
stated preference neasures, attitudes, or a conbination of any or
all of these nethods. Reveal ed preferences would be nore
instructive in panel surveys conpared to
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one-shot surveys, because of the ability to neasure the dynam cs of
prior changes.

The Case Study Approach

The case study approach involves identifying a |ocation where
a capacity-increasing project is to be constructed and conducti ng
at | east one before survey, followed by a series of after surveys.
The surveys would be directed at both residents and enpl oyers to
determ ne the extent to which the congestion existing prior to the
capacity addition has inpacted specific decisions relating to
travel, activities, and |l ocation; and then to nmeasure how the
relief of that congestion inpacts those sane deci sions sub-
sequently. The notion of a case study is clearly to rely, to as
great an extent as possible, on the nmeasurenent of reveal ed
preferences. In other words, the issue is to determ ne the actua
behavi or before the project and then to measure changes in behavi or
after the project.



At first glance, this approach appears to be the nost obvious
and sensible one to neasure the effects of a capacity increase.
However, once actual design issues are confronted, it becomes much
| ess apparent that this is a workable approach. The first issue to
be dealt with is the definition of the popul ati ons of residents and
enpl oyers fromwhich the sanple should be drawn. If the popul ation
is defined as those residents and enpl oyers who are | ocated within
the corridor of the project, even where the corridor is defined
quite broadly, this will lead to inclusion of a nunber of residents
and enpl oyers who will not be affected by the project. At the sane
time, there may be nmany residents and enpl oyers who woul d not be
included in any definition of the transportation corridor who are
i npact ed consi derably by the project.

The second issue is that the before sanple should be drawn so
as to include residents and enpl oyers who may not use the
transportation corridor before the capacity increase (because
congestion has made opportunities reachabl e through that corridor
too unattractive to be considered), but who will use the corridor
after the project is conpleted. |If the contention holds that
capacity increases in the transportation systemlead to the
rel ocati on of homes and workpl aces, then there is a third group
that cannot be captured in the before survey, representing those
who nmove into the corridor subsequent to construction of the
capacity increase.

None of these sanmpling issues is conpletely insurnountable.

As is discussed in nore detail later in the paper, some conbination
of cross-sectional and panel surveys mght serve to resol ve sone of
these problens. Neverthel ess, very significant sanpling issues
remain, particularly in defining the extent of the geographic area
fromwhich to sanple, the means to identify in the before survey
those who will be affected after construction, and the potential

i mplications for random sanpling that some very |arge sanpl es may
be required in Order to include a significant nunber of those who
exhi bit inmpacts fromthe project.

The next issue relates to the tine franme of measurenent. As
has al ready been noted, a nunber of the inpacts that are theorized
to occur are of long-terminpact. This inplies that neasurenent
shoul d continue for several years in the after period. The problem
presented by this is that of externalities. it is unlikely that the
residents and enployers in the project area will be unaffected by
any other transportati on System changes over the several years that
measurenments shoul d take place. However, determ ning which inpacts
follow fromthe construction of new capacity and which follow from
the variety of other transportation system changes taking place is
likely to prove extrenely challenging. Consider the case of the
construction of the Century Freeway in Los Angel es, for exanple.
Assum ng one can surnount the sanpling problens to select an
adequate sanple for the before and the series O after surveys,
within one or two years of the opening O the freeway, it can be
expected that the light rail facility along the freeway nedian wll
conmence operation. There is also a plan to add other rai
projects in the vicinity of the freeway, such as the Coast Light
Rai|l Line, extensions of Metro Rail to the confluence of the
Century and
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Santa Ana freeways, and the potential addition of HOV | anes to
several freeways in the area. Wile all this proceeds, it is
surely inprobable that autonobile fuel prices will remain un-
changed, or that transit fares will remain fixed. O her changes,
such as new technol ogies for the autonobile, response to clean air



| egislation, and the like will all inpact travel behaviors and

| ocation in sone formor another. The challenge will be to contro
for these externalities in order to have a clear measurenent of
preci sely how the capacity addition, represented by the new
freeway, had an inpact on travel patterns and househol d and

enpl oyer decisions in the years following its opening.

Finally, the case study approach relies on the measurenent of
change. The issue here is that change must be neasured relative to
something. |In actuality the question being addressed by the
experimental design is to determ ne changes that take place as a
result of the addition of capacity, which inplicitly mean changes
that are different fromthose that shoul d have occurred wi thout the
change in capacity. This raises the real nub of the case study
approach. There is no question in this author's mnd that the
various surveys that could be conducted on a case study of capacity
increase will neasure change in travel behavior: travel behavior is
hi ghly dynamic and results in continual changes. The issue is to
determ ne that changes have taken place that are different fromor
greater those occurring wthout the capacity increase. Further,
if the contention made by several recent papers that peak period
travel seens to continue to increase, despite increasing congestion
(Fl eet and DeCorl a- Souza, 1991), the issue becones one of
det er m ni ng how behavi or woul d have changed wi t hout the project,
and comparing that to the changes that occur with the project.

This issue of the relativity of change suggests that the
requi rement would be to find a simlar transportation corridor in
whi ch no capacity increase is planned, but where congestion |evels
are identical in the before period. Next, a panel study woul d be
conducted to determ ne the changes that occur in that corridor
The inmpacts of the capacity increase are then neasured by the
di fferences between the two study areas. It is beyond the scope of
this paper to define the neasures of simlarity that nust be used
to select the null corridor, but this is clearly a significant
challenge in itself.

In considering this approach, one is rem nded of the studies
that took place in the 1970's, in particular, that endeavored to
measure the inpacts of transportation on |and use (the Lindenwold
Li ne and others - Boyce, 1970, Denetsky and Shepard, 1972 inter
alia). These also took place in a case study context and seened to
be universally unable to substantiate the actual extent of changes
caused to |l and uses by the addition of new transportation capacity.
| ssues such as the inpacts of uncontrollable externalities and
isolation of a control |ocation against which to measure change
were anong the principal reasons behind the failure of these
efforts to neasure, with any degree of certainty, the inpacts of
transportation facilities on land use. In the debate on what
i npacts capacity increases in the highway system have on trave
patterns, |ocational decisions, and growth, those maintaining that
many of these inpacts do not occur rely on these fail ed studies on
| and use to support that position. In actuality, the studies did
not establish the lack of a |inkage between | and use and
transportation but sinply failed to find it because of the nea-
surenent and experinental design problens. This should enphasize
the need for care in designing experinents for the capacity-

i ncrease issue.

Attitudinal and Preferential Surveys

The difficulties alluded to for the case study approach give
rise to the idea that other methods need to be exami ned as offering
a potential alternative in which uncontrollable externalities,
control situations, and sanpling difficulties mght have | ess
impact. As noted earlier in this paper, attitudinal and preference
appr oaches include a nunber of measurenent
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met hods and procedures, including focus groups, attitude surveys,
and stated preference neasurenent In this Section, each O these
broad categories is considered further in terns of what can be
measured and in what situations, to determne if they offer
alternative nmethods to the experinmental design of the case study
appr oach.

Focus G oups

Focus groups do not provide a neans to neasure the inpacts of
capacity increases. However, they do provide a neans to determne
what deci si ons peopl e believe are inpacted by congestion or by an
i ncrease in capacity and should be a precursor to any field study
of inpacts. 1In this case, the experinental design would be based
on selecting several groups of people to participate in independent
focus groups, considering the issues of congestion and congestion
relief. Focus groups could be drawn from various different
categories of workers (e.g., by income, auto ownership, etc.),
different famly groups (to determ ne interaction between fanmly
menbers' decisions), and enployers with varying enpl oyee types.

Each focus group woul d be asked to consider the issue of the
way i n which congestion inpacts what they do and how they organi ze
their lives. They would be asked to consider how they woul d react
to continued increases in congestion |evels and then how t hey woul d
react to the provision of new capacity in a congested corridor
Such focus groups would serve to provide an initial test of
hypot heses about the inpacts of capacity increases and woul d al so
provide detail on the specific "s of decisions that are inpacted
They woul d be the precursor to any of the other attitudinal and
preference neasurenent nethods di scussed in this section

Three advantages stemfromthe focus groups. They are
i ndependent of externalities, since the nature of the focus group
is to focus on the specific set of issues of concern. Second, they
need neither an actual capacity-increasing project nor a control
corridor in which nmeasurerments would be taken. Indeed, they offer
the potential to draw simlar focus groups from congested urban
areas across the nation and thereby determ ne, further, if there
m ght be regional or other differences in response to congestion
and capacity increases that have not been hypothesized to date.
Third, there are far less serious difficulties in selecting the
sample for inclusion in the focus groups, since the area of
i nfl uence of a specific project does not need to be defined. A
potential qualification for inclusion in the focus group may only
be to establish that the individual experiences congested traffic
on reasonably frequent occasions, either on work trips or on non-
work trips. It is dearly advantageous to determ ning the full set
of inpacts to include those who experience congestion on trips
ot her than comute trips in order to determ ne a broader range of
responses to congestion and to potential capacity-increasing
pr oj ects.

Attitude Surveys

Using the results of focus groups, attitude surveys could be
desi gned to measure, on psychol ogi cal scal es, aspects of response
to congestion and capacity increases that would result in an
initial decrease in congestion. Attitudinal surveys can be
constructed to nmeasure such constructs as inportance, preference,
i kelihood to change a behavior, and satisfaction, inter alia.
Such surveys can be conducted on residents and enpl oyers, under



conditions of a case study, or under hypothetical circunstances.
The focus groups would also be likely to provide information on the
pertinent descriptors of congestion and capacity increases.

Because there is generally a fairly high degree of
unreliability in both reporting behavioral intentions and | onger-
termresponses to hypothetical (or even actual) events, the atti-
tude surveys would be nost likely to neasure the short-term
responses by residents to increasing or decreasing congestion
Attitude surveys, however, may be successful at determ ning likely
| onger-termresponses by enployers, particularly because seni or
manage-
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ment of a conpany is nore accustoned to considering | onger-term
responses and actions required by the company. Experience in
i nterview ng enployers in connection with Regulation XV in the
South Coast Air Basin of California showed a relatively high |eve
of responsi veness on the potential of increasing congestion to
generate changes in the way in which conmpani es do busi ness and
their choice of |ocation

As with focus groups, one of the primary benefits of the
attitudi nal nmeasures is that they do not require a case study or
the identification of a control transportation corridors The pri-
mary di sadvant age of such an approach is the limtati ons on what
can be neasured and the reliability of measurenment. Potentially,
such techni ques may have their greatest pay-offs in use with senior
managers of enployers in congested areas where both short- and
| ong-term responses may be obtained nore reliably. The sanpling
benefits nentioned for focus groups apply also to attitudina
nmeasur ement techni ques.

Stated Preference Surveys

The third type of survey under this general heading, and the
one that probably has the greatest contribution to the trave
behavi or of individuals, is that of stated preferences. In a
stated preference survey, individuals are presented with a series
of trade-offs between attributes of alternatives that they nmay
consi der choosing and are asked to indicate when attribute changes
woul d precipitate a change in current behavior to an alternative
behavior. The key to an effective stated preference survey is to
design a conposite set of trade-offs that allow reliable
nmeasur ement of potential behavior changes in response to a
particul ar type of event or system

Stated preference surveys are becom ng the accepted method for
measuring likely ridership of new technol ogi es, such as very high
speed ground transportation, and have al so been used successfully
by researchers in Europe attenpting to obtain inproved measurenent
of value of tin-se and value of certain types of accidents. The
application of the technique to congestion and capacity increases
seens obvious, therefore.

The design of the stated preference survey woul d agai n benefit
substantially fromthe focus groups, which should be considered as
a precursor for the design. |In this case, the focus groups would
not only provide informati on about the attributes to be used in the
preference neasurenent but would al so provide inputs on the
description of the environnent and the ranges of val ues of
attributes to use in the stated preference designs.

G ven uses that have been nade of stated preference
measurenent to date, it is not clear howreliably it will neasure
| onger-term changes in response to capacity increases. However,



there is clearly no difficulty in including such options as
changi ng vehi cl e ownershi p and changi ng home or workpl ace | ocation
as part of the instrument. Unlike reveal ed preference nmeasurenent,
it is not necessary for the study to span the tine period within
whi ch such | onger-termchanges will be nmade in order to determ ne
the |ikely behavi or changes that may occur. Conducting the survey
over two or three years, in which changes in the actual transpor-
tation system experienced by subjects of the survey is tracked,
woul d provide increased information on the reliability of the

nmet hod.

As with each of the nethods described in this section, there
is no requirenment for a specific case study of capacity increase
nor a control corridor; and externalities are controlled through
t he questioning nechanism There are al so no nore conpl ex sanpling
i ssues those already noted for selecting nenbers for the focus
groups. The nmeasurenent issues in this case revolve around
defining an adequate set of trade-off situations to neasure
behavi or changes that mght follow froma capacity increase in
congested transportation corridors and to define behavi or changes
i kely under worsening congestion. In addition, the stated preference
method is fairly extensive in questioning and may be |less well -
adapted to use
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wi th senior managers of enployers but will find its strongest
application with residents.

Longi tudi nal Panel Surveys

VWil e not necessarily a distinct nmethodol ogy fromthe
precedi ng ones, the specific elenment of a |ongitudi nal panel survey
of interest in this paper is its capability to neasure change nore
reliably any other survey nethodology. In a panel survey the
underlying principle is to recruit a generally small panel of
i ndividuals that may be drawn to represent different subgroups of
the popul ation of interest and to survey the panels repeatedly over
a period of tine. |Issues that arise in the execution of pane
surveys include replacement of panel nenbers that |eave the pane
and sanmpling issues relating to the initial recruitnment of the
panel

By the nature of the panel principle, which is the neasurenent
of change, the likely nmethod of neasurement is that of reveal ed
preferences. In other words, the panel menbers would be asked to
report on actual behaviors at each time of survey, from which
changes coul d be determi ned over tine. While nmeasurenent of stated
preferences or attitudinal data could be included in a panel
survey, the change neasured in this case would be the stability of
the preferences, not the response to actual changes in the trans-
portation system Therefore, the panel should be considered first
and forenost as a reveal ed preference tool

A longitudinal panel could be used in tw different ways to
nmeasure the inpacts of either congestion increases or capacity
additions designed to relieve congestion. First, a |ongitudina
panel could be set up within the context of an actual capacity-
increasing project in a congested area. The advantages of the
panel are obvious conpared to the execution of a series of cross-
sectional (i.e., independently-sanpled) surveys. 1In this case, the
panel woul d be recruited prior to the new capacity openi ng and
woul d be asked to report on actual behaviors for a period of tineg,
showi ng travel patterns under conditions of congestion. After the
capacity increase has been conpl eted, the panel would be surveyed



on a nunber of successive occasions to nmeasure changes in trave
patterns and also to determine if changes take place in auto
owner shi p, workpl ace | ocation, or home | ocation

Unl i ke many panel s conceived for transportation purposes, it
woul d be inmportant in this application to continue to include
menbers of the panel who nmove, in order to track possible trade-
offs in transportation service that were achi eved through the
rel ocation, and to offer sone potential to include control measures
t hr ough panel nenbers that nove to a relatively uncongested
| ocati on.

This application of a |ongitudinal panel, however, does not
resolve the issue of relating the ambunts of change to what would
have occurred without the capacity-increasing project. Therefore,
the requirement will remain for subgroups of the panel to be set up
in locations that have simlar congestion levels in the before tine
frame and no capacity-increasing project in the after period.
Further, there would need to be simlarity in the panel nenbers
with respect to a variety of denographic and travel orientation
characteristics in order to nmeasure the change caused by the
capacity increasing project. 1In effect, there would need to be a
pairing of panel nenbers, with each panel nenber in the case study
| ocation having a counterpart with very simlar characteristics in
a location where there is no capacity-increasing project and a
simlar level of congestion. Such a sanple design, while not
i npossible to achieve, will certainly be extremely time-consum ng
and expensive to set up

The second potential use of the longitudinal panel would rely
on the reversibility notion of the changes resulting from capacity
i ncreases. Rather than being set up in a case study context where
a capacity increasing project was to be constructed, this
application woul d sinply nmeasure changes taking place as congestion
worsens. Al though this application would still require a contro
| ocati on agai nst which to neasure how much of the change resulted
fromincreasing congestion, it nmay be possible to
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conduct this study effectively by choosing several locations in

whi ch congestion exists at the outset of the study at very
different intensities. For exanple, one subsanple for the pane

m ght be selected froman urban area in which congestion is short-
lived and geographically restricted, and where the urbani zed area
is not experiencing significant growh. At the other extrene., a
subsampl e m ght be located in an area where congestion is

wi despread, lasts for many hours, and the urbani zed area is
experiencing rapid growh. Additional subsanples nay be located in
areas that |lie between these two extrenes

Panel subsanples would be required to match well on
denographi ¢ and travel characteristics, within the limts offered
by the varying types of urban areas. However, , the sanpling would
not need to be inclusive of all possible groups that mght be
af fected by congestion or capacity increases. Rather, the panels
could be restricted to two or three primary denographi c subgroups.
If consistent results were obtained fromeach of the sel ected sub-
groups, generalizability to the entire popul ati on woul d be
feasi bl e.

In both applications of the panel survey, there would be a
need to include within the study design a conprehensive nonitoring
of the transportation supply and costs in the vicinity of the panel
menbers. This would be required in order to ascertain the extent
to whi ch congestion changes during the study and to provide the
needed basis for correlating congestion levels with travel behavior



changes. In addition, , it would provide at |east a neasurenent of
potential externalities that may affect the overall neasurenent of
congestion-rel ated changes.

The panel survey will nost likely apply to neasurenment of
those inpacts affecting residents. A panel survey of enployers nay
be an interesting proposition but may not find acceptability within
the target population. Therefore, the nost probable application of
this method is to residents of selected urbanized areas.

A Conpr ehensi ve Strategy

So far, this paper has considered three distinct approaches to
t he experinental design for neasuring the inpacts of capacity
i ncreases on travel and |ocation. As has been nentioned several
times, however, these three approaches are not nutually excl usive.
A real potential exists to conbine elenents of all three approaches
to produce a better experinmental design, a design that may overcone
a nunber of the shortcom ngs that have been identified for each
appr oach al one.

A conprehensi ve strategy should start out with the use of
focus groups. The focus groups should target several different
groups of residents, including those who work outside the home and
t hose who do not, and should al so include one or nore groups of
enpl oyer representatives. The focus groups would serve to
illum nate the specific el enents of congestion and capacity
i ncreases that may affect travel, |ocational, and rel ated behaviors
and will also provide some insights on the attributes of congestion
and capacity increase to which people respond (e.g., time spent in
stop-and-go traffic, total travel tinme, unreliability and
instability of traffic flows, etc.). The focus group findings woul d
be used in the design of subsequent survey instruments, as well as
t he sanpl e design, itself.

A conbi nati on of reveal ed and stated preference neasurenent
will provide the richness of data to identify what the inpacts are
and by what magnitude these inpacts cause changes in travel
deci si ons, |ocational decisions, and rel ated deci sions such as
vehi cl e ownership. The particular appeal of stated preference
nmeasurenent is that it can be conducted with or w thout an actua
capacity-increasing project, and the externalities can be
controlled. On the other hand, reveal ed preferences are the only
true measures of the actual behavi or changes that take pl ace.
Therefore, sone neasurenment of revealed preference is necessary to
validate the stated preference data and to test the hypothesis that
t he changes indicated by stated preference and focus groups
actual ly do take
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dick HERE for graphic.

pl ace. In both cases, what to nmeasure and in what units to neasure
wi Il be enhanced considerably by the results of the focus groups.
Among the nore difficult issues raised in considering the case
study approach were selecting a sanple, identifying who is inpacted
by a specific project, and finding a parallel control location in
order to determ ne the amount of change likely to take place
wi t hout the capacity-increasing project. The conbination of
reveal ed and stated preference nmethods offers a potential to avoid
each of these problens. The presence of a capacity-increasing
project is not necessary, although it could be used in one or nore
i nstances if such a project were avail able. The survey would be



designed so that the stated preference portion would question
respondents about their responses to both worsening congestion and
al l eviating congestion through a capacity-increasing project. 1In
the event that none of the selected |ocations had a capacity-
i ncreasing project, validation of the stated preference findings
t hrough reveal ed preference neasurenment woul d concentrate on the
wor seni ng of congestion. The design would require, of course, the
concurrent neasurenent of actual |evels of service on facilities
used or potentially usable by the sanple in each | ocation.
Two other potentially appealing aspects to the conbinati on of
reveal ed and stated preference nmeasurenents arise fromthe
i mpl enentation of these two nmethods within the third approach
nanely the establishnment of |ongitudinal panels. dearly, the only
way i n which changes in reveal ed preferences will be measured is
t hr ough repeated nmeasurenent in a |ongitudi nal survey design. The
use of panels is a nmethod that provides much greater accuracy in
t he neasurement of those changes than can be obtai ned through the
repetition of cross-sectional surveys over tine.
The survey mechanismthat is envisaged in this conbined
approach is one that mght consist of;
- A survey of the denographics and other characteristics of each
househol d and i ndi vi dual included in the sanple;
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- A stated preference survey of each individual covering a
variety of changes in system performance that includes both

i ncreasi ng congestion and a scenari o of capacity increase

foll owed by an inmedi ate i nprovenent in | evel of service and a

gradual subsequent degradation in service; and
- A mlti-day activity diary to neasure actual behavi or over at

| east three days.

Wiile it has been stated earlier that neasurenent of stated
preference through a | ongitudi nal panel seens to be relatively
uni nteresting, this changes when stated and reveal ed preferences
are neasured together and also if certain changes are made in the
stated preference design. Conbining reveal ed and stated preference
guestions in a |longitudinal panel provides a richer base against
whi ch to determ ne consistency of reveal ed preferences with stated
preferences and particularly enables review over tine whether
actual behavi or changed at a point indicated by the stated
preference data. Second, the panels can be asked stated preference
guestions on each repeat survey in which the options offered are
largely at different |evels on each occasion but with sufficient
conmon ones to tie to the previous neasurenment. |f stated
preferences remain constant over time, as one woul d expect, this
desi gn woul d both substantiate the stability of stated preferences
and provide, over a nunber of occasions, a far richer option set
than woul d be possible in a single survey. |If stated preferences
were to be found to change over tine, then this approach woul d
reveal these changes and woul d provi de additional insights on
adapt ati on behavi ors and val ue system changes that may expl ai n why
travel decisions are often harder than expected to influence
t hr ough system i nprovenents.

An advant age of the conbi ned approach, undertaken in multiple
| ocations but without an actual capacity-increasing project, is
that the sphere of influence of a capacity-increasing project does
not need to be defined in advance. Rather, the reveal ed and stated
preference nethods woul d assist in defining the sphere of influence
by identifying the transportation corridors and the | ocations
within the urban area that residents would choose or avoid,
according to whether the questions relate to capacity increases or



i ncreasi ng congesti on.

The focus of the above surveys is principally on residents of
the areas. However, a very simlar approach could be used for
enpl oyers in which reveal ed and stated preference neasurenents
coul d be undertaken with a panel of enployers. Many of the sane
benefits of this conbined approach woul d accrue for an enpl oyer
survey as for a resident survey. The difference in this survey in
adm nistration is that no diary is probably of use, and the re-
veal ed and stated preference information may be obtai ned nost
expeditiously in a face-to-face interview In addition, the
househol d and i ndi vi dual denographi cs woul d be replaced by a set of
characteristics describing the enployer and its | ocation.

Concl usi ons
Several conclusions can be drawn about experimental design for

nmeasuring the inpacts of capacity increases in a congested trave

corridor:

- A multi-year, longitudinal study is probably essential as the
overal |l experinental strategy. Measurenment over several years
wi Il alnmost certainly be necessary because of the tine needed
to reveal various behavior changes.

- A case study, conprising a |location where a significant
capacity increase is constructed, is probably neither
necessary nor beneficial for the experinental design. The
i npacts of external events, the difficulties of identifying
t he inmpacted popul ati on and sanpling fromit, and the
necessity for a parallel control location all make the case
study a very difficult and possibly unrewardi ng option

- The experinental design should use multiple locations with a
conmon survey design and varying | evels of existing conges-
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tion. Preferably the sanpl ed individuals or households in each
| ocation should be drawn fromsimlar household and individua
denogr aphi ¢ characteristics.

- Conpr ehensi ve neasurenent of perfornmance of the transportation
systemin the vicinity of sanpled househol ds/individuals wll
be a key conponent of the study design.

- The study design should include surveys of both residents and
enpl oyers in the study corridors. The survey of enployers wll
likely use different techniques fromthe resident survey but
shoul d be designed to be consistent with the survey of
residents.

- Conducting a series of focus groups should be considered a
necessary pre-step before designing the survey and sanple
recruiting. The focus groups will be asked to respond to
scenarios of increasing congestion and then relief of the
congestion through the addition of new hi ghway capacity.

- A conbi nation of reveal ed preference and stated preference
nmeasurenments seens likely to hold the greatest prom se for
bot h enpl oyer and resident surveys. The use of stated
preference is particularly inportant given an experi nental
design in which there is no capacity-increasing project.

- The use of panels of individuals, households, and enployers is
likely to provide the nost accurate tracking of change and
provi de the best basis for determning the validity of the
stated preference neasurenent. Continuation in the panel of
panel nenbers who nove away is also inportant to the study, to
determne to what extent the new | ocation offers a rea
i nprovenent in transportation performance |levels (if any).
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